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Historical  and  introductory. 

In  the  following  pages  an  account  of  a specific  clinical  condition,  characterised 
in  the  great  majority  of  cases  by  complete  irregularity  of  the  arterial  ])ulse 
and  by  an  absence  of  all  signs  of  the  normal  auricular  contraction,  is  given. 

It  will  be  shown  that  the  type  of  irregularity,  which  is  one  of  the 
chief  features  of  the  condition,  is  the  commonest  persistent  irregularity 
exhibited  by  the  human  heart,  constituting  as  it  does  approximately  50  per 
cent,  of  all  such  cases  ; and  it  will  be  demonstrated  that  the  disturbance  of 
cardiac  rhythm  is  to  be  sought  in  the  auricle  and  attributed  to  temporary 
or  permanent  inco-ordination  of  the  musculature  of  that  chamber. 
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Historical  and  introductory. 

In  the  following  pages  an  account  of  a sjiecific  clinical  condition,  characterised 
in  the  great  majority  of  cases  by  complete  irregularity  of  the  arterial  jmlse 
and  by  an  absence  of  all  signs  of  the  normal  auricular  contraction,  is  given. 

It  will  be  shown  that  the  type  of  irregularity,  which  is  one  of  the 
chief  features  of  the  condition,  is  the  commonest  jiersistent  irregularity 
exhibited  by  the  human  heart,  constituting  as  it  does  ap])roximately  50  per 
cent,  of  all  such  cases  ; and  it  will  be  demonstrated  that  the  disturbance  of 
cardiac  rhythm  is  to  be  sought  in  the  auricle  and  attributed  to  temporary 
or  permanent  inco-ordination  of  the  musculature  of  that  chamber. 
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In  brief,  evidence  is  forthcoming  that  of  the  numerous  examples  of 
persistent  irregularity  of  the  lieart  familiar  to  clinicians,  approximately 
50  per  cent,  are  the  result  of  auricular  delirium  or  fibrillation.* 

Our  acquaintance  with  the  facts  upon  which  this  final  conclusion  rests 
is  tlie  outcome  of  the  studies  of  a large  body  of  \vorkers.  A retrospective 
survey  of  the  observations  uj)on  clinical  material  permits  the  recognition  of 
cases,  belonging  to  the  category  discussed,  over  a period  of  many  years.  Fully 
possessed  of  the  facts,  we  may  trace  the  earlier  descriptions  of  the  condition 
along  two  lines  ; and  it  is  mainly  upon  these  separate  paths  that  the  course 
of  observation  has  been  pursued,  and  2)ursued  until  quite  recent  years  by 
distinct  investigators.  The  earliest  graphic  observations  were  carried  out 
independently  upon  the  arterial  and  venous  systems.  The  two  paths  have 
converged  and  finally  have  met  during  the  last  decade.  For  this  union 
of  the  facts  derived  from  two  separate  sources  and  for  the  wide  range 
of  supplementary  knowledge  relating  to  the  condition,  we  are  indebted 
almost  exclusively  to  the  introduction  of  the  new  graphic  methods  of 
examining  the  cardiac  mechanism  which  are  now  at  our  disposal. 

On  the  one  hand  a markedly  irregular  pulse,  especially  associated  with 
mitral  disease  in  its  later  stages,  vas  the  subject  of  study  by  mechanical 
means  from  the  epoch  marked  by  the  introduction  of  the  sphygmograph. 
It  is  portrayed  by  Marey'k  RiegeP^'’,  Sommerbrodt'’"  and  many  other  writers. 
It  has  been  termed  the  “ mitral  pulse,”  and  has  been  attributed  amongst 
other  causes  to  “ delirium  of  the  heart.”  It  has  ])assed  b}"  the  name 
of  Pulsus  arhythmicus  (Janowski-’),  and  by  the  name  Pulsus  irregularis 
(Riegel”'’).  It  has  been  identified,  in  a classic  but  obsolete  nomenclature, 
with  the  adjectives  irregularis,  incegualis,  deficiens  and  iutermittens. 

On  the  other  hand,  a prominent  systolic  pulsation  in  the  veins  of  the 
neck  was  described  by  Bamberger',  Skoda'’"  and  others,  and  was  attributed, 
and  has  long  since  been  held  as  due,  to  tricuspid  incompetence.  The 
subjective  timing  of  the  venous  pulsation  was  endorsed  by  Riegel’’"",  who 
obtained  the  first  gra])hic  records  of  the  movement;  but  the  class  of  case  in 
which  such  pulsation  is  found  essentially  was  not  isolated,  neither  was 
its  full  significance  grasped,  until  the  more  exact  and  more  applicable  technique 
of  Mackenzie  was  introduced. 

It  is  since  the  year  1902,  when  the  “ Study  of  the  Pulse  ” was  published 
that  chief  progress  has  been  made.  It  is  to  Mackenzie  that  we  owe  the 
definite  co-relation  of  the  two  phenomena,  gross  irregularity  of  the  heart 
and  the  systolic  venous  movement,  which  he  has  termed  the  “ ventricular 
form  of  venous  pulse.”  In  the  work  referred  to"',  this  writer  first  demonstrated 
their  frequent  association  and  ascribed  them  both  to  a single  underlviim 
condition,  namely,  paralysis  of  the  auricle.  A year  later  Hering'"  descrilhng 


* Preliminary  notieos  of  tlie  observations  have  ai)i)oarecl^«  and  exann)leR'~^J^^h7^,i.vos 
wore  de.nonstratod  before  tlie  Medieal  Society  of  London  on  13tb  December  1 ')()')  and  befol  H 
Patl.ologk-al  Section  of  tl>o  R.>yal  Society  of  Medicine  on  4th  January,  1 !no,’at'universiW  College 
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the  arterial  pulse  alone,  laid  more  stress  upon  its  characteristics  and  s})oke 
of  it  under  the  title  pulsus  irregularis  perpetuus* . He  appears  to  claim’'  to 
have  implied,  by  the  use  of  this  term,  a specific  type  of  rhythm,  but  the 
facts  brought  forward  in  his  paper  failed  to  carry  conviction  of  an  irregularity 
sui  generis.  The  recognition  of  its  specificity  has  been  arrived  at  gradually 
and  the  facts  supporting  the  conclusion  have  been  contributed  largely  by 
Mackenzie.  In  particular,  the  emphasis  which  he  laid  upon  its  frequent 
association  with  the  ventricular  form  of  venous  ])ulse  in  1904’’’’,  and  the  ])romi- 
nence  given  to  this  observation  in  a later  paper,  based  upon  an  examination  of 
500  cases”',  must  be  noticed.  Hut  in  reality  it  is  only  since  the  galvanometric 
examination  of  the  heart  has  been  available  that  the  probability  of  its 
specific  nature  has  grown  to  certainty. 

In  his  papers  of  1904-5,  Mackenzie”’’'*'”®  brought  forward  several  new  and 
important  facts,  and  most  striking  amongst  them,  in  the  light  of  our  present 
knowledge,  were  evidences  that  the  auricle  is  active.  Formerly  regarding 
the  auricle  as  paralysed,  because  no  sign  of  activity  could  be  found,  he 
attempted  at  this  time  to  separate  a special  group  of  cases  in  which  auricular 
activity  was  considered  probable.  Auricular  activity  was  assumed,  ( 1 ) because 
the  auricle  was  found  hypertro])hied  at  autopsy  ; and  (2)  because 
certain  instances  were  observed  in  which  the  normal  rhythm  reasserted 
itself.  It  is  to  these  papers  more  especially  that  we  are  indebted  for  the 
observation  that  in  all  cases  of  complete  irregularity  of  the  heart  there  is  an 
entire  failure  of  signs  of  the  normal  auricular  contraction  during  diastole  ; 
and  further,  for  the  first  record  of  cases  of  this  nature,  in  which  it  is  probable 
that  little  dilatation  of  the  right  heart  and  little  triscuspid  regurgitation 
is  present.  His  earlier  view  that  the  condition  results  from  auricular 
distension  as  a consequence  of  valve  incomjietence  was  at  least  ])artially 
abandoned,  and  the  rhythm  was  ascribed  as  the  cause  rather  than  the 
result  of  the  eventual  dilatation.  In  1904  Mackenzie  jmstulated  the  view 
which  he  has  since  held,  that  in  many  cases  the  seat  of  the  rhythm  is  in  the 
junctional  fibres  lying  between  auricle  and  ventricle,  and  by  conceiving 
the  simultaneous  contraction  of  auricle  and  ventricle  in  response  to  impulses 
from  this  single  source  attempted  to  explain  the  absence  of  every  sign 
of  normal  auricular  contraction  which  he  had  demonstrated  to  be  one  of  the 
chief  features  of  such  cases.  In  1906  Hering’®  realised  the  correctness  of 
Mackenzie’s  assertion  that  the  completely  irregular  pulse  when  once 
established  is  not  of  necessity  perpetual.  In  1907  Theopold®^  described  cases 
confirming  the  view  that  the  rhythm  is  not  a secondary  j)henomenon  to 
tricuspid  leakage. 

In  1907-8  Mackenzie”^*””  adopted  the  hypothesis  of  the  nodal  origin  of 
the  rhythm  more  generally,  holding  the  node  of  Tawara'j*  to  be  the  seat  of 


* The  qualification  “ perpetual  ” has  since  been  discarded. 

t A specially  differentiated  structure  at  the  auricular  side  of  the  junctional  tissues  betueen 
auricle  and  ventricle. 
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disturbance  in  all  cases  of  complete  irregularity  found  in  com  ina  ion 
with  the  systolic  form  of  venous  pulse.  He  therefore  included  all  such 

cases  under  the  term  “ nodal  rhythm.”* 

Hering'»  has  recently  added  evidence  of  the  supraventricular  formation 

of  the  ventricular  impulses. 

Such  is  the  history  of  the  main  steps  in  the  attempt  to  unravel  the 
problem  of  the  mechanism  upon  which  the  symptomatology  is  dependent, 
and,  for  the  time  being,  this  brief  account  will  suffice.  Papers  relating  to  the 
subject  have  been  prolific,  a mass  of  detailed  knowledge  has  accumulated, 
discussion  has  been  unrestrained  and  speculation  has  oftentimes  exceeded  the 
limit  warranted  by  the  facts.  Further  reference  to  the  work  of  previous 
observers  will  be  made  more  conveniently  under  the  various  headings  and 
sub-headings  which  follow. 

A GENERAL  ACCOUNT  OF  COMPLETE  IRREGULARITY  OF  THE  HEART. 

The  following  account  of  the  condition  is  based  uiion  a close  study  of 
seventy-three  cases  from  all  of  which  simultaneous  radial  and  venous  curves, 
and  from  thirty  of  which  electrocardiographic  curves,  have  been  taken.  The 
clinical  polygraph  and  Mackenzie’s  ink  polygraph,  fitted  with  specially  light 
writing  points  and  arranged  with  a considerable  reduction  in  the  air  content 
of  the  transmission  apparatus,  have  been  employed  in  obtaining  records  of 
pulsating  areas.  The  electrocardiograms  have  been  obtained  with  Edelmann’s 
large  pattern  of  the  string  galvanometer  of  Einthoven.  During  the  earlier 
days  when  the  work  was  in  progress,  the  electrodes  consisted  of  baths  of  salt 
solution  in  which  zinc  terminals  were  immersed,  but  the  greater  part  of  the 
investigation  has  been  carried  out  with  non-polarisable  electrodes  consisting 
of  zinc  rods  immersed  in  saturated  zinc  sulphate  solution,  the  last  held  in  a 
porous  jar  itself  lying  in  the  salt  solution.  Simultaneous  radial  or  venous  and 
electrocardiographic  curves  have  been  secured  by  adding  parts  of  the 
Mackenzie  polygraph  to  the  galvanometric  outfit.  The  patients  were  always 
in  the  same  room  with  the  apparatus  while  the  records  were  taken. 


Frequency . 

Complete  irregularity  of  the  heart  is  a very  common  condition.  During 
two  years  of  observation  lUf  cases  of  persistent^  irregularity  of  the  heart 

* On  tlie  Continent  the  rhytlnn  is  variously  described  as  “ chronic  arhythmia,”  “ arhvtlmi^ 
porpetua,”  etc. 

t I have  excluded  entirely  all  cases  of  irregularity  which  1 have  seen  since  the  first  announcement 
of  my  view  of  the  mechanism  present  in  complete  irregularity  of  the  heart.  For  since  that  date 
I am  unable  to  affirm  that  the  cases  presenting  themselves  have  been  impartially  chosen  It  is 
on  this  accouivt  that  the  number  of  cases  of  complete  irregularity  from  which  the  conclusions 

as  to  the  mechanism  arc  drawn  exceed  those  mentioned  in  the  statistical  account  which  is 
now  given. 

t By  P^istont  irregularity  I .lonoto  caaoa  in  wl.icl,,  from  time  to  time,  irregnlarity  is  a notable 
toaturo  of  t bo  case.  Cases  ,n  wind,  single  oxtraaystolos  at  long  intervals,  or  cases  in  wliLl,  nuine  ous 
extrasystoles  have  been  observed  only  on  one  or  two  occasions  have  been  excluded. 
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have  been  examined  and  the  mechanism  analysed  in  each  case.  These 
cases  subdivide  themselves  as  follows  : — 

1)  Complete  irregularity  of  the  heart..  57 

2)  Ventricular  extrasystoles  . . . . 34 

3)  Auricular  extrasystoles  . . ..11 

4)  Irregularity  due  to  heart-block  . . 3 

5)  Gross  sinus  irregularities  . . . . 3 

6)  Complex  irregularities  and  paroxysmal 

tachycardias  . . . . . . . . 6 

We  see,  therefore,  that  of  114  cases  57  were  of  the  form  under  con- 
sideration, constituting  50  per  cent,  of  the  total  number.  With  the 
exception  of  groups  4 and  6,  the  cases  were  in  no  way  selected.  All  cases 
of  persistent  irregularity  which  have  been  observed  during  the  course 
of  my  out-patient  clinic  at  the  City  of  London  Hospital  for  Diseases  of 
the  Chest,  and  all  cases  of  the  same  sort  to  which  my  attention  has  been 
directed  amongst  the  indoor  jiatients  at  University  College  Hospital  have 
been  included. 


Etiology  {based  vpon  73  cases). 

Of  the  sexes  affected,  43  were  males  and  30  females. 

The  age  limits  in  this  series  are  13  to  84.  The  average  age  is  41-9 
(67  cases). 

As  regards  the  remaining  etiological  features  examined,  they  are 
included  in  the  accompanying  table. 

It  will  be  seen  that  a history  of  rheumatism*  or  chorea  has  been  present 
in  26  cases  ; in  3 additional  cases  at  least  there  was  a history  of  one  or 
other  in  the  family  alone.  Amongst  the  remainder  mitral  stenosis  was 
present  in  16,  pericardial  adhesions  in  one  case,  and  subacute  strejitococcic 
endocarditis  in  one  case.  Of  64  cases  29  were  of  undoubted  rheumatic 
predisposition,  or  had  actually  suffered  from  joint  affection  or  chorea. 
In  addition,  in  18  instances  the  rheumatic  taint  was  open  to  suspicion. 
The  total  of  47  cases  may  be  included  in  a rheumatic  group,  and  for  the 
most  part  these  patients  are  amongst  the  youngest  of  the  series.  (The 
average  age  of  45  cases  of  the  rheumatic  group  was  34-2  ; that  of  22  cases 
of  the  non-rheumatic  group  57-7.)  37  cases  or  52  per  cent,  were  instances  of 
mitral  stenosis,  and  the  relationship  to  this  form  of  valvulitis  is  so  definite 
that  additional  figures  relating  to  it  may  be  given.  In  dealing  specially  with 
mitral  stenosis  I chose  only  those  cases  which  came  to  my  out-2)atient 
department,  for  the  majority  of  the  cases  of  mitral  stenosis  admitted  to  the 


* As  a criterion  of  rheumatism  I have  taken  a past  diagnosis  of  rheumatic  fever,  or  the  history 
of  an  acute  illness  with  swelling  and  pain  in  several  joints. 
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general  wards  have  disoideied  j^i^urves  have  been  obtained), 

collected  in  this  way  (m  each  f 7“ ' t""®®  tjon  and  15  or 

67  presented  the  normal  sequence  of  chambe 
20-8  per  cent,  exhibited  complete  irregularity  of  the  hear  . 


DIAGNOSIS. 


Rheumatic 
liistory 

Rheumatism  or  chorea  iu  ( Mitral  stenosis 

family 1 Complete  irregularity 

Mitral  stenosis  . 

No  history  of  rheumatism  Aneurism 
or  chorea  


Not  noted 


f Mitral  stenosis 
Not  noted  . 


T/ie  syynptoins. 

For  the  purpose  of  studying  the  symptomatology  of  complete  irregularity 
of  the  heart  those  patients  have  been  selected  in  whom  the  irregularity  and 
its  concomitant  phenomena  were  alone  present.  Dilatation  and  signs  of 
valvular  lesion  were  absent,  and  tbe  remaining  organs  appeared  to  be  normal. 
Cases  in  which  the  alfection  is  paroxysmal  are  also  important  from  this 
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point  of  view,  and  are  included.  This  selection  permits  the  exclusion  of 
certain  symptoms  which  are  not  referable  to  the  irregularity  itself.  It  must 
be  acknowledged  that  the  subjective  manifestations  are  few  in  number,  and 
that  they  may  be  almost  entirely  absent.  A certain  degree  of  short-windedness 
during  or  after  exertion,  an  occasional  fluttering  in  the  neck  or  client  may 
be  experienced.  A general  feeling  of  ill-health,  often  associated  with  easy 
exhaustion,  is  not  uncommon.  Gastric  discomfort  and  loss  of  a2)petite  are 
not  infrequent.  The  symptoms  are  more  prominent  in  nervous  subjects. 
Such  are  the  main  disturbances  in  cases  in  which  the  ailment  is  of  short 
standing. 

There  appears  to  be  a special  symptomatology,  or,  speaking  more 
correctly  perhaps,  a more  profound  disturbance  at  the  time  of  the  onset 
of  the  irregularity.  The  actual  onset  has  probably  never  been  recorded, 
but  the  symptoms  and  observations  at  or  about  the  onset  all  point  to  its 
being  as  sudden  as  it  is  in  the  case  of  regular  joaroxysmal  tachycardia. 
In  all,  one  case  of  onset  in  which  the  arrhythmia  became  persistent  and  five 
cases  of  the  paroxysmal  type  of  complete  irregularity  have  come  under  my 
own  observation.  In  the  first  case  the  irregularity  commenced  while  the 
patient  lay  in  bed,  and  shortly  after  waking.  He  was  seized  with  violent 
palpitation  in  the  chest,  a choking  feeling  in  the  throat,  and  inability  to 
“ catch  his  breath.”  The  heart  was  observed  by  him  to  be  beating  very 
rapidly  and  irregularly.  The  symptoms  lasted  15  minutes  and  were  relieved 
by  brandy,  but  the  irregularity  is  said  to  have  continued  until  he  was  next 
seen  ; it  has  been  })resent  ever  since  {CASE  11).  In  three  paroxysmal 
cases  {CASES  2 and  10  and  Fig.  0)  the  change  from  one  type  of  mechanism 
to  the  other  occurred  without  a})preciable  manifestations*  of  a subjective 
nature  and  usually  passed  unrecognised.  In  one  of  these  cases  there  were 
physical  signs  pointing  to  thoracic  aneurism  and  anginal  attacks  were  frequent, 
but  no  relationshi})  could  be  traced  between  the  anginal  attacks  and  the  change 
of  heart  action.  In  a fourth  paroxysmal  case  the  first  attack  was  accomjianied 
by  great  prostration,  pallor,  fainting,  and  tonic  contraction  of  the  arms  and 
legs  (simulating  tetany).  In  the  fifth  case  two  attacks  occurred.  The 
patient  was  admitted  suffering  from  streptococcic  endocarditis,  and  post- 
mortem a large  ulcerated  area  was  found  in  the  right  auricle.  The  first 
attack  produced  great  prostration,  exhaustion,  and  violent  j^alpitation. 
The  second  attack,  which  was  similar,  proved  fatal. 

The  cases  which  have  come  under  observation  show  that  the  paroxysms 
may  last  a few  hours  or  several  weeks  or  months.  The  symptoms,  when 
present,  seem  to  be  more  marked  at  the  commencement  of  the  irregularity. 

The  symptomatology  in  the  majority  of  patients,  cases  in  which  obvious 
valvular  disease  or  dilatation  is  present,  is  that  of  decompensation  in  its 
various  degrees.  It  is  not  in  any  way  identified  with  the  condition  of 
irregularity  itself. 

* In  one  of  these  tlie  change  wa.s  from  an  attack  of  paroxysmal  auricular  tachycardia  to  complete 
irregularity  (Fig.  9). 
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For  further  accounts  of  the  symptomatology  in  this  condition  reference 
may  be  made  to  the  writings  of  Mackenzie,  and  to  a recent  paper  by 
Hewlett''. 


The  radial  pulse  curves. 

The  character  of  the  radial  pulse  curves  in  complete  irregularity  of  the 
heart  is  so  striking  that  it  could  not,  and  as  v^e  have  seen  did  not,  escape 
early  attention. 

Several  tracings  of  the  arrhythmia  are  given  by  Marey“  (Figs.  199  to  204) 
as  examples  of  the  pulse  in  mitral  insufficiency.  The  same  tyj^e  of  pulse  is 
figured  by  Fagge^  (Fig-  3),  Mahomed^^  (Plate  IV,  Figs.  7, 13  and  16),  Walshe*^^ 
(Plate  I,  Figs.  8,  10  and  11),  Sansom-'^^  (Figs.  112,  122b,  159,  160,  163,  etc.), 
SteelW  (Figs.  9,  10,  42  to  44,  49,  59,  60,  75,  76,  78  to  82,  86  and  89),  and 
by  Broadbenf-^  (Figs.  27  and  36).  Numerous  figures  will  be  found  in 
Mackenzie’s  books. 

The  irregularity  is  of  the  most  varied  description.  The  pulse  may  be 
slow  or  fast,  and  the  variation  in  rate  is  great  (30  to  200).  The  beats  may  be 
all  of  small  excursion  ; more  commonly  there  is  a haphazard  intermingling 
of  forcible  and  weak  contractions,  and  the  latter  are  often  markedly  dicrotic. 
The  radial  pulse  is  often  but  an  indifferent  index  of  the  rate  of  the  ventricle ; 
many  beats  are  not  transmitted.  The  pulse  rate  may  be  considerably 
reduced,  either  as  a result  of  “ dropped  ” beats  or  as  a consequence  of  the 
actual  slow  speed  of  the  ventricle.  The  beats  may  show  coupling  over  short 
or  long  stretches  of  curve.  The  fast  types  are  the  commonest,  and  in  these 
the  usual  rate  of  the  ventricle  is  approximately  double  the  normal  rate 
(110  to  150).  It  is  usually  at  these  fast  rates  that  the  disorderly  character 
of  the  pulsation  is  so  prominent.  M ith  the  slower  rates  the  irregularity  is 
not  so  prominent,  nevertheless,  it  is  always  present,  a fact  which  can  be 
determined  by  careful  measurement  of  the  tracings.  Where  the  grade  of 
irregularity  is  high  the  condition  may  be  recognised  by  feeling  the  pulse  ; 
and  with  experience  even  the  lesser  grades  of  disorder,  for  example  those 
met  \vith  in  cases  where  the  ])u]se  is  slower,  can  be  identified  by  similar  means, 
though  the  method  is  inevitably  uncertain.  A Dudgeon  tracing  is  adequate 
in  the  majority  of  patients,  and  the  disorder  may  be  recognised  by  two 
criteria.  First  and  most  important  is  the  absolute  character  of  the  arrhythmia. 
The  heart  action  is  never  regular,  and  seldom  or  never  do  two  beats  of  the 
same  character  or  length  succeed  each  other.  In  a long  curve  it  is  rare  to 
find  any  two  short  sections  of  tracing  which  have  even  a superficial  resem- 
blance to  each  other.  The  pauses  betwixt  the  beats  bear  no  relationship  to 
one  another,  and  in  this  feature  the  irregularity  stands  in  marked  contrast 
to  all  other  varieties.  The  second  criterion  consists  in  the  absence  of  a 
definite  and  continued  relationship  between  the  strength  of  a beat  and  the 
length  of  the  pause  which  precedes  it.  A strong  beat  may  follow  a short 
pause,  and  a weak  beat  may  succeed  a long  pause.  A few  examples  of  the 
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Fig.  1.  X linear.  Radial  pulse  c\irves  taken  with  a Dudgeon  sph3'gmograjih.  The  time 
tracing,  which  applies  to  all  curves  beneath  it,  is  in  i sec..  The  figure  illustrates  the  general 
characteristics  of  the  di.sordered  heart  action  considered  in  the  text. 

Curves  1 and  2. 

CASE  1. — A.  H.,  a man  aged  48,  admitted  to  hospital  suffering  from  mitral  stenosis  of 
rheumatic  origin  and  general  cardiac  dilatation.  Enlargement  of  liver,  distended  veins  and 
dropsy  were  present.  Irregularitv'  comi)lete  and  persistent  ; murmurs  early  and  mid- 
diastolic ; venous  curves  of  ventricular  form  ; electrocardiogra])hic  curves  of  usual  t\'])e 
(as  in  Fig.  14  /).  The  oscillations  were  maximal  when  the  electrodes  were  placed  over  the 
right  auricle. 

Curve  3. 

CASE  2. — W.  S.,  a man  aged  ()4,  the  subject  of  bronchitis,  emphj’sema  and  arterio- 
sclerosis. No  history  of  rheumatism.  Heart  somewhat  enlarged  to  right  and  left.  Heart 
sounds  normal  ; S.  H.  P.,  lot)  mm.  Hg..*  With  the  excejition  of  shortness  of  breath  on 
exertion  no  signs  of  broken  compensation  were  present.  The  irregularitj"  disa])jioared  on 
one  occasion  for  a few  days,  the  pulse  regidarity  was  then  interrupted  by  auricular  extra- 
sjstoles.  The  n-c  interval  was  normal,  ^\'ith  the  complete  irregularity  the  venous  pulse 
was  ventricular  in  outline,  the  electrocardiogra|)h  was  t\’])ical,  the  oscillations  were  maximal 
in  leads  from  the  j)arts  of  the  chest  wall  covering  the  right  auricle.  There  was  no  pulse 
slowing  with  heaxy  doses  of  digitalis. 

Curve  4. 

CASE  3. — W.  P.,  a man  aged  37,  suffering  from  mitral  stenosis  of  rheumatic  origin. 
Heart  enlarged  to  right  and  left,  dj-spiimn  and  slight  liver  enlargement,  no  dropsy.  Pulse 
l)ersistentl3'  irregidar ; ventric\dar  form  of  venous  j)idse  ; electrocardiograms  tx’pical  ; 
oscillations  maximal  with  electrodes  in  neighbourhood  of  right  auricle. 

Curve  5. 

CASE  4. — R.  N.,  a man  aged  (5.),  suffering  from  aneurismal  dilatation  of  the  whole 
thoracic  aorta,  puhnonarx’  oedema,  associated  with  arterial  sclerosis,  emjdij-.sema  and  signs 
of  sclerotic  kidney.  Dropsy  and  fix  er  enlargement  present.  Pulse  persistently  irregular  ; 
xentricular  form  of  xenous  pulse.  Died  unexpectedlx’. 


* This  blood  pressure  reading  is  a measure  of  the  obliteration  pressure  of  the  most  forcible 
beats.  Blood  pressure  estimations  in  cases  of  complete  irregularity  are  extremely  unsatis- 
factory; the  beats  force  their  xvay  through  the  armlet  at  xvidely  varying  pressures. 
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pictures  presented  by  Dudgeon  tracings  are  given  in  the  accoinj)anying 
figure.  They  may  serve  Avith  the  brief  notes  attached  to  them  as  a guide  to 
the  recognition  of  the  type  of  case  with  which  we  are  dealing.  They  illustrate 
the  main  jioints  referred  to  in  the  text,  but  the  variety  shown  is  so  great  that 
they  can  scarcely  be  held  even  iis  representative  of  the  irregularities  vhich 
may  occur.  Numerous  and  additional  examples  are  scattered  throughout  the 
simultaneous  tracings  which  illustrate  this  paper. 


The  venous  'pulse  curves. 


“ The  ventricular  form  of  venous  pulse  ” is  a term  which  expresses  the 
only  fixed  quality  manifested  by  graphic  records  taken  from  the  jugular 
veins  in  these  cases.  It  implies  that  all  prominent  and  rapid  changes  of 
volume  in  the  venous  cistern  fall  within  the  limits  of  ventricular  systole. 
The  eurves  corresponding  to  the  individual  heart  beats  vary  in  their  positions 
relative  to  each  other  just  as  do  the  radial  beats.  There  may  be  considerable 
variation  in  the  amplitude  of  the  separate  curves  in  a given  case.  This 
variation  is  far  from  instrumental  in  origin,  for  close  examination  reveals  the 
recurrence  of  a particular  type  of  curve  with  a given  length  of  pause,  a given 
type  of  radial  beat  or  a given  phase  of  respiration.  As  a general  rule  and  in 
a single  case  a large  venous  curve  accompanies  a large  radial  curve,  but  the 
difference  in  size  from  one  beat  to  the  next  is  less  in  the  former  than  in  the 
latter.  A family  resemblance  between  the  separate  venous  beats  of  a single 
curve  is  generally  if  not  ahvays  present. 

The  variation  from  case  to  case  consists  mainly  in  the  relative  difference 
in  the  height  of  the  several  waves  and  a similar  difference  in  the  depths  of 
the  depressions  which  separate  them. 

The  complete  curve,  corresponding  to  a single  heart  cycle,  is  generally 
composed  of  two*  or  three  peaks,  and  a similar  number  of  dips.  The  upstroke 
of  the  first  peak  is  synchronous  with  the  commencing  carotid  pulsation  at 
the  same  level  of  the  neck  (though  it  may  precede  or  succeed  it  slightly). 
Hie  downstroke  of  the  last  peak  starts  at  a point  corresjionding  to  the 
opening  of  the  tricus]iid  valves  (Mackenzie).  It  is  synchronous  with  the 
bottom  of  the  downstroke  of  tlie  cardiogram,  or  with  a point  a little  later 
than  the  bottom  of  the  dicrotie  notch  on  the  carotid  tracing.  The  chief 
depressions  follow  the  first  and  last  jieaks  and  are  very  variable  in  degree 
from  case  to  case.  As  a general  rule  it  may  be  said  that  the  shorter  the 


* The  uavos  were  nainod  l)y  I^Iackenzio  a'  and  v'  respectively,  and  attrilnited  to  aurici 
ventncidar  systole  ; do  Vries"  has  recently  shown  that  they  are  sometimes  met  with  w 
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duration  of  the  abnormal  rhythm  the  deeper  is  the  first  as  compared  to  the 
second  depression  ; and  that  in  old-standing  cases  the  dip  in  the  centre  of 
systole  is  replaced  by  a larger  and  fuller  complex  of  systolic  peaks.  A definite 
relationship  appears  to  exist  between  the  mean  distension  of  the  veins  and 
the  swelling  of  those  veins  in  systole.  Thus,  in  cases  of  long  duration,  in 
which  the  veins  are  more  or  less  markedly  dilated,  the  venous  curve  is  in 
the  form  of  a prominent  systolic  j^lateau.  The  older  conception  that  the 
prominence  of  the  venous  pulsation  is  an  index  of  the  degree  of  tricuspid 
reflux  is  not  without  a definite  foundation.  The  curves  obtained  from  patients 
soon  after  the  onset  of  the  new  rhythm  and  the  curves  in  cases  in  which 
compensation  is  complete  generally  permit  of  close  comimrison  with  the 
ventricular  portions  of  the  venous  curves  taken  from  normal  subjects  (the 
parts  of  the  normal  curves  usually  marked  c and  v).  A curve  of  the  kind  is 
shown  in  Fig.  2 C.  In  long  standing  cases,  or  in  instances  where  compensation 
is  less  complete, the  first  depression  (corresponding  to  the  x and  x'  dips  of  the 
normal  curve)  is  filled  (Fig.  2 B and  A),  and  the  filling  may  happen  in  greater 
and  greater  degree  until  the  type  assumed  is  flat-topped  and  resembles  the 
curve  of  intra- ventricular  pressure  (Figs.  2 A and  4 A).  The  transition  from 
one  type  to  the  other  may  be  followed  from  case  to  case,  or  may  be  seen  in 
one  and  the  same  case  as  cardiac  tone  and  venous  filling  wax  and  wane. 
The  flat-topped  type  also  consorts  more  commonly  with  rapid  heart  action, 
though  in  marked  degree  it  rarely  occurs  in  the  absence  of  appreciable  heart 
distension.  In  many  curves  the  smaller  and  more  rapid  beats  are  accompanied 
by  the  flat  type  of  curve,  and  the  stronger  beats  by  a bifurcated  type 
(Fig.  2 A).  The  contrast  may  be  explained  by  the  unequal  heart  filling 
under  the  two  conditions.  The  accompanying  figure  illustrates  several  of 
the  types  of  curve  met  with,  and  others  will  be  found  in  other  parts 
of  this  paper.  It  is  by  no  means  unusual  to  see  three  ])rominent 
peaks,  concurrent  with  each  heart  beat,  and  such  curves  bear  a close 
resemblance  to  the  experimental  venous  curves  of  Rihl’’\  The  relation- 
ship of  the  normal  type  of  curve  to  the  various  forms  of  ventricular  venous 
pulse  curve  is  diagrammatised  in  Fig.  3.  The  outlines  have  been  drawn 
from  actual  curves,  several  of  which  illustrate  this  paper.  The  dotted  outline 
is  that  of  the  auricular  form  of  venous  pulse.  The  essential  difference  between 
this  diagram  and  the  somewhat  similar  ones  figured  by  iMackenzie^'  and 
Wenckebach®'’’  lies  in  the  fact  that  it  displays  tran.'^itions  between  various  types 
of  the  ventricular  form  of  venous  pulse.  The  original  figures  were  published 
to  illustrate  the  passage  of  the  auricular  form  to  the  ventricular.  The  view 
of  gradual  “ paralysis  ” of  the  auricle,  which  they  were  intended  to  express, 
and  of  the  gradual  distension  of  the  chamber  as  a factor  in  the  ])roduction 
of  the  true  ventricular  form  of  venous  pulse  and  its  concomitant,  irregularity 
of  the  heart,  has  been  entirely  abandoned.  It  is  perfectly  true  that  dilata- 
tion of  the  auricle  occurs,  and  it  is  equally  true  that  such  distension  is 
accompanied  by  a transformation  of  the  systolic  portions  of  the  venous  curve 
as  it  has  been  illustrated.  But  the  distension  of  the  auricle  and  the  deforma- 
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Fig.  2.  Simultaneous  venous  and  radial  curves  from  four  patients  with  complete  irregularity 
of  the  heart  and  the  ventricular  form  of  venous  pulse.  The  figures  illustrate  some  of  the 
different  types  of  venous  curve  met  with  in  this  condition.  The  venous  curves  are  constant 
in  that  all  rapid  upstrokes  lie  within  the  confines  of  systole  (E,  E).  The  dotted  lines  in  this 
and  subsequent  curves  unite  points  representing  one  and  the  same  phase  of  the  cardiac 
cycle.  The  heavy  vertical  lines  cutting  a whole  tracing  mark  the  points  where  curve  has 
been  excised. 


Curve  A. 

CASE  5. — R.,  a man  aged  39.  The  mother  had  rheumatic  fever.  Admitted  for  short- 
ness of  breath  and  precordial  distress.  Heart  enlarged  right  and  left,  veins  prominent  and 
liver  dulness  increased.  No  dropsy.  Heart  sounds  weak  but  otherwise  normal.  Electro- 
cardiograms typical,  oscillations  maximal  over  auricle.  Four  inches  of  curve  have  been 
excised  from  this  figure. 


Curve  B. 

CASE  6. — Mrs.  K.  P.,  aged  23,  the  subject  of  mitral  stenosis  of  rheumatic  origin. 
Admitted  with  enlarged  liver  and  dropsy.  The  curves  were  taken  some  weeks  after  admission 
when  the  patient  had  responded  well  to  digitalis.  Early  and  mid  diastolic  murmurs  ; 
electrocardiograms  typical.  Eight  inches  of  curve  excised. 

Curve  C. 

CASE  7. — M.,  a man  aged  2(5,  with  no  symptoms  other  than  slight  short-windedness 
on  strenuous  exertion.  History  of  rheumatic  fever.  No  cardiac  enlargement,  no  murmurs. 
Irregularity  has  been  ])rosent  for  two  years  and  has  been  persistent.  The  electrocardio- 
grams show  prominent  oscillations  and  ventricular  extrasystoles.  (Fig.  24  is  from  this 
ca.se. ) 


Curve  D. 

CASE  8. — Mrs.  A.,  aged  38,  suffering  from  mitral  stenosis.  On  admission  dropsy  and 
oedema  of  lungs  were  j)resent.  Tracing  taken  several  months  later,  subsequent  to  digitalis. 
Compensation  had  so  far  improved  as  to  allow  her  to  ]>ursue  her  ordinary  duties  as  housewife. 
Heart  enlarged  to  right  and  left  ; early  and  mid-diastolic  murmurs.  V eins  not  prominent. 
Irregularity  persistent.  Two  inches  of  curve  excised. 
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tion  of  the  venous  curve  may  take 

the  presystolic  auricular  contraction  IS  pie  , a « we  shall  see  at  a later 

the  io-ordinate  systoles  of  the  auricle  are  suspended  As 

stage  the  ventricular  form  of  venous  pulse  may  be  ^ 24) 

plaiau  form,  while  the  nor.nal  heart  sequence  is 

and,  as  we  have  already  seen,  the  usual  oi  noriiia  sys  denressions) 

venous  pulse  may  he  found  (the  tyjie  with  the  deep  a-  an  ' J 
and  yet  the  signs  of  co-ordinate  and  presystolic  auricula 
be  eLirely  in  abeyance.  It  should  be  clearly  comprehended  that 


Fig.  3.  A diagram  illustrating  the  relationship  of  the  auricular  and  ventricular  forms  of  venous 
pulse,  and  the  more  common  variations  in  shape  to  which  they  are  liable.  The  dotted  line 
represents  tho  usual  or  iihysiologic  type  of  the  auricular  form  of  venous  pulse.  The 
continuous  lines  represent  the  ventricular  jiortions  of  types  of  curve  met  with  in 
auricular  and  ventricular  forms  of  venous  pulse. 


perfectly  distinct  ])henomenca  exist,  a sudden  disappearance  of  all  signs  of 
the  normal  auricular  systole,  and  a gradual  increase  of  pressure  in  the  right 
side  of  the  heart.  .Che  lack  of  due  appreciation  of  this  essential  distinction 
has  led  in  the  past  to  many  misconceptions  of  the  conditions  with  which  we 
are  dealing,  and  to  the  faulty  interjiretation  of  many  curves.  The  diagram 
may  stand  as  an  example  of  the  transition  of  the  systolic  portion  of  either 
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auricular  or  ventricular  form  of  venous  j)ulse  curve,  from  the  comi)ensated 
to  the  decompensated  type,  or  from  the  type  witli  perfect  to  tlie  type  with 
imperfect  venous  flow.  In  brief,  it  may  be  said  that  there  is  but  one  distinctive 
quality  between  auricular  and  ventricular  forms  of  venous  pulse,  and  it 
consists  in  the  absence  of  the  auriculo-systolic  or  a wave  from  the  former. 
Individual  cycles  of  a curve,  which  is  an  example  of  the  ventricular  form  of 
venous  pulse,  can  be  identified  as  such  with  certainty  only  by  attention  to 
this  fact. 

These  considerations  bring  us  to  a subject  of  importance  to  those  for 
whom  the  application  of  graphic  methods  is  difficult  or  impracticable.  The 
question  may  be  asked — Can  the  ventricular  form  of  venous  pulse  be 
recognised  with  the  unaided  senses  ? The  reply  to  this  question  is  that  it  can 
be  recognised  in  a very  large  number,  in  fact,  the  majority  of  cases,  if  note 
is  taken  of  the  conjoined  phenomena.  The  first  essential  in  its  recognition 
is  the  finding  of  an  irregular  pulse.  If  the  heart  is  beating  arrhythmically 
the  ventricular  venous  pulse  may  be  identified  in  almost  all  cases  in  which 
it  is  prominent.  Each  beat  of  the  heart  as  felt  at  the  apex  is  accompanied 
by  a pulsation  in  the  veins  of  the  neck,  which  starts  with  the  systole  and 
preserves  this  relationship  from  beat  to  beat.  Now  the  prominence  of 
venous  pulsation  is  very  variable.  It  may  be  so  marked  that  at  each  systole 
the  girth  of  the  neck  is  increased  by  an  inch  or  more.  The  pulsation  commonly 
attains  the  angle  of  the  jaw,  and  not  infrequently  it  displaces  the  lobe  of  the 
ear.  In  one  case  I have  seen  it  extending  as  far  as  the  summit  of  the  scalp 
and  have  recorded  it  above  the  zygoma.  But  a type  so  marked  is  exceptional. 
Much  oftener  the  pulsation  is  confined  to  the  neck.  If,  under  these  cir- 
cumstances, the  superficial  veins  are  conspicuous,  it  is  readily  recognised. 
But  in  cases  where  this  is  not  the  case  I have  seen  it  mistaken  for  arterial 
pulsation  on  several  occasions.  The  error  may  be  avoided  if  it  is  borne  in 
mind  that  the  pulsation  is  a volume  change  and  not  a pressure  wave  ; it  is 
often  visible,  but  the  fingers  rarely  appreciate  it.  “ Diastolic  collapse  ” 
often  accompanies  it,  and  is  merely  a descrijitive  term  for  the  impression 
left  on  the  sight  by  the  rapid  volume  decrease  which  occurs  at  the  end  of 
systole.  This  volume  decrease  is  shown  in  the  curves,  and  has  been  referred 
to  previously.  In  early  and  compensated  cases  the  pulsation  is  rarely 
recognised  by  the  ordinary  means,  for  usually  in  such  instances  the  visible 
})ulsation  is  complex  ; resort  must  then  be  had  to  the  graphic  method. 
A venous  tracing  may  often  be  secured  where  no  venous  pulsation  can  be 
seen. 


Certain  leaves  which  occur  in  diastole. 

It  has  been  stated  that  the  ventricular  form  of  venous  pulse  is  composed 
of  waves  of  which  the  prominent  and  rapid  ones  fall  during  systole.  It  is  also 
true  that  waves  occur  within  the  limits  of  diastole.  The  earlier  interpre- 
tations of  the  curves  in  which  they  are  found  are,  almost  without  exception. 
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erroneous.  The  waves  in  question  have  been  attributed  repeatedly  to 
co-ordinate  contraction  of  an  irregularly  beating  auricle  (in  a recent  papci. 

IMagnus-Alsleben  has  fallen  into  similar  error)^". 

The  view  has  been  expressed  that  apart  from  the  auriculo-systolic  wave 
there  is  no  essential  distinction  between  the  individual  venous  curves  in  the 
normal  and  abnormal  conditions*.  It  v ill  be  necessary  at  a slightly  later 
stage  to  note  a single  exception  to  this  rule.  But,  for  the  time  being,  we  may 
enquire  whether  any  waves  occur  in  the  diastolic  reaches  of  the  normal 
venous  ])ulse,  apart  from  those  allotted  to  auricular  systole.  There  are 
waves  of  two  kinds,  and  precisely  similar  waves  are  found  during  diastole 
in  the  condition  which  we  are  considering.  There  is  a wave  which  has  been 
termed  by  Morrow'®  the  “second  onflow  wave,”  and  its  causation  is  assigned 
to  the  overflow  into  the  veins  when  in  a long  diastole  the  heart  is  already  full, 
or  to  the  increase  of  pressure  in  the  ventricle  during  the  filling.  It  is  seen 
to  advantage  in  the  accompanying  figure  (Fig.  4).  At  the  commencement 
of  tracing  A there  is  a long  pause,  and  during  the  whole  of  it  the  veins  are 
steadily  swelling.  It  is  also  prominent  in  tracing  C and  is  shown  to  a lesser 
extent  in  tracing  B.  The  fixed  relationship  of  this  stasis  wave  to  the 
preceding  systole  and  the  variation  of  its  extent  with  the  length  of 
diastole  permit  its  recognition.! 

The  second  type  of  wave  was  first  described  in  the  normal  condition 
by  Hirschfelder^",  and  has  been  attributed  to  the  closure  of  the  tricuspid 
valves  at  the  end  of  ventricular  filling  (Gibson'").  But  there  is  evident 


misconception  as  to  the  extent  to  which  this  interjDretation  can  be  apiDlied. 
riie  snapping  to  of  the  auriculo-ventricular  valves  will  not  serve  in  explana- 
tion of  a permanent  inciease  in  venous  volume.  The  type  of  wave  produced 
must  be  carefully  distinguished  from  that  produced  by  stasis.  If  the  vrave 
is  followed  by  a dip  it  may  perhaps  be  assigned  to  a valve  movement, 
but  only,  I think,  such  part  of  the  wave  as  is  definitely  raised  above,  or 
depressed  below,  the  general  sweep  of  the  stasis  wave  itself.  Waves  belonging 
to  tins  class  are  seen  in  Fig.  i B and  0.  In  tracing  C,  and  just  at  the  summit 
01  the  main  sweep  of  the  stasis  wave  a triple  vibration  {marked  x ) with 
constant  time  relationship  to  the  preceding  systole  is  plainly  visible.  It  was 
accompanied  by  a.  distant  valvular  sound  at  the  ape.x  and  base  of  the  heart 
(cp  Gibson'"  on  third  heart  sound),  and  by  a distinct  double  clicking  sound 
in  the  veins  ot  the  neck.  In  tracing  B we  have  an  example  in  which  the 
portions  o die  diastolic  waves  attributable  to  stasis  and  valve  movement 
are  more  difficult  to  unravel.  The  longest  diastole,  just  antecedent  to  the 
stops,  IS  of  va.iie  in  this  connection.  In  this  diastole  we  see  the  general 

rrc^“i  u l e7x  '‘'T^^^  fir^tpart  of  it  is  the 

wave  nuuked  x.  Ilie  same  wave  is  found  in  earlier  portions  of  the  same 


* I lio  stateinoivt  is  not  affected  liv  tlio  fnnf  tlini-  + r . 
in  tlio  normal  and  anotlior  typo  in  the  abnormal  conditioJi^'^  '’entncular  curve  is  more  common 

t Its  inclination  to  the  vortical  is  a rough  index  of  the  rate  of 


venous  flow. 
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curve,  and  tlie  comparison  with  the  later  diastole  allows  us  to  gauge  the 
extent  to  which  stasis  aids  in  its  production  in  these  earlier  diastoles. 

We  may  now  turn  to  another  type  of  diastolic  wave,  the  most  important 
of  all.  It  forms  the  exception  to  the  remarks  previously  made  as  to  the 
resemblance  between  the  ventricular  and  auricular  t^^pes  of  venous  curve. 
These  undulations  are  only  met  with  as  an  accompaniment  of  the  ventricular 
form  of  venous  pulse.  They  are  seen  but  occasionally,  and  only  when  the 
pulse  is  slow  (Wenckebach'^-'’’).  They  are  well  marked  in  tracing  A,  and  are 
more  obscurely  figured  in  tracing  B (marked  /).  They  are  also  shown  in 
the  photographic  curve  (Fig.  19).  They  are  multiple,  and  the  rate  nmy  be 
from  350  to  500  per  minute.  Their  irregularity  renders  it  difficult  to  estimate 
the  rate  other  than  approximately.  They  were  first  described  by  Wenckebach'’'’ 
in  1907;  in  discussing  Cushny  and  Edmund’s  paper  on  auricular  fibrillation 
and  the  relationship  of  the  latter  to  complete  irregularity,  he  stated  that  in  the 
clinical  condition  he  had  seen  small  venous  waves  which  might  be  attributed 
to  small  contractions  in  the  auricular  walls.  Later,  in  the  same  year,  they 
were  figured  by  Mackenzie^',  who  also  suggested  that  they  might  arise  as  a 
result  of  auricular  fibrillation.  The  relationship  of  this  fibrillation  to  the 
view  adopted  in  his  papers,  namely,  the  nodal  origin  of  the  rhythm,  is  not 
explained,  and  in  a later  publicatioiF''  (p.  299)  the  idea  was  abandoned. 
(“  From  this  observation,  I now  recognise  that  what  I had  taken  for  waves 
due  to  fibrillation  of  the  auricle  were  really  due  to  a fault  in  the  method  of 
registration,  wherein  by  compressing  the  vein  with  the  receiver  I had 
artificially  produced  thrills  which  appeared  as  waves  in  the  tracing.”) 
Certain  observations,  which  will  be  discussed  more  fully  at  a later  stage,  j)oint 
to  the  conclusion  that  the  oscillations  are  in  reality  the  outcome  of  fibrillary 
movements  in  the  auricle.  At  the  present  time  it  will  be  sufficient  if  I state 
that  the  thrills  in  question  have  not  come  under  my  personal  observation, 
that  I am  inclined  to  attribute  the  thrill  in  this  instance  to  the  oscillations 
rather  than  the  undulations  to  the  thrill,  and  that  in  chlorotic  cases 
where  the  auricular  type  of  curve  is  obtained  to  perfection  such  vibrations 
are  absent. 


The  electrocardiographic  curves  obtained  by  leads  from  the  right 

arm  and  left  leg. 

p]lectrocardiogra]diic  curves  from  cases  of  com})lete  irregularity  of  the 
heart  have  been  ])ublished  by  Einthoven'’’  (P’igs.  17  and  31),  and  later  bj’ 
Kraus  and  Nicolai-'*  (Fig.  14),  Hering*",  and  Rothberger  and  Winterberg’'’. 

The  following  account  is  based  u])on  curves  taken  from  thirty  cases. 

Firstly,  the  curves  consist  of  tall  })eaks  R,  corresponding  to  the  com- 
mencement of  ventricular  systole,  and  scattered  throughout  in  irregular 
profusion.  Their  arrangement  is  obviously  due  to  the  arrhythmic  action  of 
the  ventricle  (cp.  Fig.  15  and  its  accompanying  radial  curve).  The  direction 
of  the  electric  variation,  of  which  the  peak  R is  an  expression,  indicates 
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negativity  of  the  arm  electrode,  or  primary  activity  of  the  base  of  the  heart. 
The  variation  is  the  same  as  that  which  occurs  in  the  normal  subject  and  is 
an  evidence,  as  Hering  has  pointed  out,  that  in  this  condition  the  ventricular 
contraction  commences  at  its  normal  starting  point.  The  remainder  of  the 
curve  and  its  comparison  with  the  normal  (normal  curves  are  shown  in 
Figs.  12  and  16)  justifies  this  conclusion,  as  we  shall  see  in  the  sequel.  I 
have  long  susjiected  that  the  peaks  R in  the  abnormal  curves  are  relatively 
higher  than  in  the  normal  curves.  For  curves  of  good  excursion  are  always 
obtained  with  facility  even  while  the  instrument  is  adjusted  at  a comparatively 
insensitive  point  and  in  patients  wdtli  high  resistances.  The  comparison 
may  be  made  in  Figs.  15  and  16,  taken  from  the  same  patient  within  two 
days  of  each  other  ; it  may  also  be  made  in  Fig.  9 (it  is  mentioned  in  the 
explanatory  remarks  attached  to  the  figure*). 

A comparison  of  the  height  of  the  peaks  R wdth  the  strength  of  corres- 
ponding radial  beats  in  synchronous  tracings  reveals  the  fact  that  there  is 
no  fixed  proportion  between  them  (Fig.  15).  A very  similar,  if  not  identical, 
phenomenon  is  present  in  the  condition  knoAvn  as  heart  alternans  (for  the 
experimental  fact,  see  Hering'*^  ; the  clinical  parallel  has  been  observed 
more  recently  {CASE  15)  ). 


Apart  from  the  peaks  R the  normal  ventricular  curve  consists  of  slight 
depressions  following  them,  and  these  in  turn  are  succeeded  by  broad  waves 
designated  T.  The  T variations  are  also  seen  in  curves  from  cases  of  complete 
irregularity.  They  are  often  very  obscure,  and  this  obscurity  is  the  result  of 
the  presence  of  certain  special  oscillations  upon  the  curves.  The  variation  T 
is  plainly  perceptible  in  Figs.  13  /,  18  / and  19,  while  it  is  overshadowed 
in  Figs.  14  I,  15  and  23.  At  times  it. is  quite  as  prominent  and  almost  as 
regulai  from  cycle  to  cycle  as  in  the  normal  curves  (Fig.  19).  The  occurrence 
of  1 is  of  importance  because  it  demonstrates,  what  would  otherw'ise  be 
uncertain,  tiiat  the  ventricular  contraction  starting  at  the  base  pursues  its 
usual  path  in  the  ventriclej*. 

The  most  striking  feature  of  the  electric  curves  is  the  absence  of  all  sign 
of  the  regular  presystolic  variation,  which  accompanies  all  normal  heart 
beats  (P  in  Fig.  16),  and  the  presence  of  that  which  replaces  it,  namely  a 
number  of  irregular  oscillations  varying  in  form  and  prominence.  In  leads 
from  arm  and  leg  these  oscillations  are  often  marked  in  amplitude,  and  the 
latter  may  e<iua  .t  it  does  not  exceed  that  of  the  usual  auricular  variation  P 
(I'lg.  23).  In  other  curves  they  may  be  far  less  conspicuous,  and  inav  be 


* An  incronso  in  tlio  size  of  the  neak  R as  coinnarod  wifn  i 

of  regular  t„el,ycarilia\vl,irl,  have  already  been  ,,  aeoro™”  “ T"  “ ,!1“ 

that  both  in  complete  irregularity  and  in  the  regular  nan  n ^ 

state  of  hyporirritability.  The  curves  seem  to  inth.-nfo  li  ^ ^ 6oart,  as  a whole,  is  in  a 

developed  and  used  uji  is  groat  in  proportion  to  the  ^ \ ®'Gnts  that  in  such  cases  the  energy 

heart  is  working  at  a disatl vantage.  Einthoven*  flunrno  inTr^a'^'^f 
in  the  size  of  an  increase  of  rate  following  exercise  (Figs.  2(Uo  2d  oTirpa^)*" 

t Ihe  variation  T is  attributed  by  Gotch'^sia  .«  „ Paper). 

the  heart  (aetix  ity  is  reprosontod  oloctrically  by  negatiN-ity).  ^^^iitraction  to  the  base  of 
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distinguishable  only  from  place  to  place  (Fig.  24:,  f f).  In  one  form  or  another 
they  have  been  invariably  present  in  all  the  cases  examined.  They  are  a 
constant  feature  of  cases  of  complete  irregularity  of  the  heart  and  occur  in 
no  other  condition.  They  are  responsible  for  the  distortion  or  concealment 
of  T in  the  arm-leg  leads  ; the  clean  cut  character  of  R is  never  affected,  and 
this  is  due  to  the  quickness  of  the  movement.  The  oscillations  ap])ear 
in  a purer  form  when  certain  special  leads  are  adopted,  but  the  curves 
obtained  in  this  way  will  be  more  appropriately  dealt  with  in  a subsequent 
section. 

The  oscillations  are  most  conspicuous  when  the  ])ulse  is  slow  or  during 
a diastole  of  unusual  length.  For  during  systole  they  fall  upon  the  ventricular 
elements  of  the  curve  and  their  definition  is  obscured.  When  the  heart  beat 
is  rapid  the  individual  waves  may  be  difficult  to  separate,  but  their  presence 
is  known  from  the  fact  that  the  T waves  vary  greatly  in  form  or  are  entirely 
overshadowed  (Fig.  15),  and  by  the  appearance  here  and  there  of  single 
undulations  on  the  curve  which  can  only  be  ascribed  to  the  same  cause. 
The  deformity  of  the  curve  as  a whole,  produced  in  this  manner,  is  so 
characteristic  of  the  condition  that,  once  recognised,  the  curves  are  never 
mistaken  for  those  obtained  in  any  other  affection. 


Complete  irregularity  of  the  heart  is  the  result  of 

AURICULAR  FIBRILLATION. 

The  irregular  oscillations  seen  upon  galvanometric  curves  are  due  to  an  inco- 
ordinate contraction  of  some  portion  of  the  heart ; they  are  not  a direct 
result  of  structural  change  in  the  heart,  and  are  independent  of  mox'ements 
of  the  somatic  muscidature. 

It  might  be  suggested  that  the  oscillations  in  question  are  dependent 
upon  structural  changes  in  the  heart  muscle,  and  that  the  propagation  of 
the  contraction  wave,  along  the  path  usually  taken,  is  hindered  or  modified 
by  the  presence  of  areas  of  tissue  affected  by  disease.  But  we  are  in  a 
position  to  deny  that  the  oscillations  are  attributable  to  this  cause. 

Such  a hypothesis  is  at  once  weakened  when  it  is  known  that  the 
oscillations  bear  no  relationship  in  their  extent  or  frequency  to  the  objective 
signs  of  damage  in  the  myocardium.  For  while  a patient  may  be  suffering 
from  obvious  and  gross  myocardial  change,  yet  if  the  sinus  rhythm  is 
dominant  the  oscillations  are  absent  ; and,  on  the  other  hand,  ])atients 
showing  no  signs  of  gross  myocardial  affection,  patients  in  whom  there  is  no 
dilatation  and  in  whom  there  is  little  disturbance  of  the  circulation  even 
after  strenuous  exercise  exhibit  fully  developed  oscillations,  provided  that 
the  pulse  is  completely  irregular.  If  further  evidence  is  required  it  will  be 
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found  in  two  cases  in  wliich  a comparison  of  the  normal  and  abnormal 
mechanisms  in  the  same  sid)ject  was  secured*. 

CASE  10.— G.  P.,  agod  77,  was  admitted  under  the  care  of  Dr.  IMackenzio,  to  whom  I am 
indebted  for  oi)i)ortunitio.s  of  examining  him,  in  September,  1900.  There  was  no  history  of  past 
illness,  and  rhemnatism  and  ehorea  were  unknown  in  the  fannlJ^  Ho  complained  of  shglit  cough 
and  expectoration,  and  huskiness  of  voice  of  four  months’  duration.  Anginal  symptoms  had  been 
present.  There  had  been  no  shortness  of  breath,  paliiitation,  giddiness  or  dysphagia. 

Condition,  22-10-09. — A strongly  built  man  ; the  face  weather-beaten.  The  voice  is  husky, 
laryngeal  examination  shows  abductor  ])aralysi.s.  A slight  grade  of  evanosis  is  present,  dhe 
arteries  are  thickened,  the  jndse  is  completely  irn^gular  ; the  venous  jiulse  i.s  of  the  \entiicular 
form.  The  heart’s  apex  is  obscured  by  emphysema.  The  right  line  of  dulness  is  J incli  and  the 
left  :H  inches  from  the  middle  line.  There  is  an  area  of  dulness  extending  into  the  second  left  space 
and  at  this  point  systolic  imlsation  was  present  upon  admission.  But  for  the  irregularity  the 
heart  soimds  are  normal.  The  urine  is  normal. 


The  case  may  be  summed  up  as  probably  one  of  aneurism  of  the  thoracic 
aorta,  associated  with  angina  and  complete  irregularity  of  the  heart.  Sub- 
sequent to  his  admission  he  has  had  many  anginal  attacks,  some  of  a severe 
grade.  There  have  been  times  w hen  the  pulse  is  slow,  and  on  such  occasions  it 
is  regular  and  the  venous  pulse  has  been  of  the  auricular  form,  and  times  wdien 
it  is  fast  and  irregular,  the  venous  pulse  being  then  ventricular  in  outline.  The 
paroxysms  of  irregularity  have  been  numerous,  and  they  have  generally 
lasted  for  24  hours  or  more.  On  several  occasions  the  pulse  has  been  irregular 
for  several  days  together.  On  the  other  hand  attacks  of  comparatively  short 
duration  have  occurred.  There  have  been  no  definite  symptoms  at  the  onset 
or  offset  of  attacks,  and  the  patient  has  been  unaware  of  the  abnormal 
cardiac  mechanism  when  it  has  been  present.  The  anginal  attacks  have  had 
no  relation  to  the  ])eriods  of  irregularity. 

dhvo  of  the  curves  (Figs.  15  and  IG)  obtained  from  this  patient  were  taken 
within  48  hours  of  each  other.  Upon  the  day  when  the  first  electrocardiogram 
was  obtained  ])olygraph  curves  showed  the  ])resence  of  complete  irregularity 
and  the  ventricular  form  of  venous  pulse.  The  electric  curve  corresponding 
(Fig.  15)  is  of  the  form  which  Ave  have  been  considering.  The  peaks  R are 
se])arated  by  stretches  of  curve  of  an  irregular  character.  No  two  pieces  are 
alike,  and  the  T variations  are  obscured  by  the  oscillations  which  are  present. 
Two  days  later  the  pidse  was  regular  and  the  jugular  curve  demonstrated 
a ])i  ominent  (i  w a\  e.  I he  corresponding  electrocardiogram  is  given  in  Fig.  1 6 
In  it  the  disaiipearancc  of  the  oscillations  is  associated  with  the  return  of 
the  auricular  variation  P,  while  the  remainder  of  the  ventricular  curve  is  of 
a ])erfectly  normal  type.  Curves  showing  the  normal  rhythm  within  half 
an  linin'  ot  the  cessation  of  an  attack  have  since  been  obtained  from  this 
,.a  lent  1 hey  Mere  of  a perfectly  normal  tyjte.  Digitalis,  given  in  doses 

suHieient  to  produce  toxic  eftects,  had  no  retarding  influence  during  the  periods 
of  irregular  tachycardia.  ^ 


♦ A tliinl  caso  will  b,>  ftniiul  in  a later  seelitm  aiul  the  curves  are  illustrated  by  Fig.  9. 
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CASE  11. — A.  G.,  a barman,  aged  24,  v.a.s  admitted  to  the  out-patient  department  at  the 
City  of  London  Hospital  on  S-12-0!),  comi)laining  of  cough  with  hlood-.stained  sputum,  and  j)ain 
in  the  left  shoulder.  These  symptoms  had  been  experienced  for  some  months  ; hut  ho  has  ha<l 
earlier  attacks  and  is  known  to  have  suffered  from  heart  disease  for  several  years.  He  has  never 
hatl  rheumatic  fever  or  chorea  and  there  is  no  history  of  either  in  the  family.  He  has  never  had 
dropsy. 

Condition,  8-12-09. — The  right  limit  of  cardiac  dulnoss  is  2 inches,  and  the  left  5 inches,  from 
the  middle  line.  There  is  a marked  pro.systolic  thrill  at  the  apex  ; a rough  crescendo  murmur  letwls 
up  to  an  accentuated  first  sound.  The  second  pulmonic  and'aortic  sounds  are  normal.  There 
are  no  signs  of  liver  enlargement  or  dro|)sy,  hut  there  are  scattered  rhonchi  over  both  lungs. 
Auricular  extrasystoles  are  frequent  and  interrupt  an  otherwise  regular  heart  rhythm.  Each 
extrasystole  is  accompanied  by  a first  and  usually  by  a second  sound,  and  a dull  valvular  sound 
precedes  the  first  sound,  but  there  is  no  murmur.  The  a-c  interval  is  increa.sed.  A iiolygraph 
curve  is  shown  in  Fig.  oa  and  electrocardiograms  in  Fig.  12.  13-12-09. — On  this  day  the  patient’s 

condition  was  identical  with  that  already  described.  Ho  was  placed  on  tincture  of  digitalis 
mX  t.d.s..  18-12-09. — The  patient  awoke  in  the  early  morning  (he  has  remained  in  bed  since  he 

first  attended)  feeling  ill.  He  experienced  violent  pal[)itation  accompanied  by  a choking  .sensation 
in  the  throat  and  difficulty  in  breathing.  He  states  that  his  heart  was  beating  ra[)idly  and 
irregularly.  Brandy  gave  him  relief  but  the  irregular  action  of  the  heart  remained.  The  attack 
lasted  I hour.  He  has  never  had  j)al{)itation  before  which  in  any  way  resembled  it. 
20-12-09. — On  examination  the  right  limit  of  cardiac  dulness  is  li  inches  and  the  left  inches 
from  the  middle  line.  The  heart  is  absolutely  irregular,  and  the  venous  pulse  is  of  the  ventricular 
form.  The  auriculo-systolic  murmur  is  no  longer  present,  l)ut  is  replaced  by  a nmrmur  of  very 
similar  quality  which  occu[)ies  early  diastole  and  continues  into  the  mid-diastole  of  the  longer 
cycles.  The  murmur  consequently  fills  the  diastole  of  the  shorter  cycles.  The  j)olygraph  curve  is 
shown  in  Fig.  56  and  electrocardiographic  curves  in  Fig.  1 3.  The  digitalis  was  omitted  on  20- 1 2-09, 
but  was  readministered  in  larger  doses  at  a later  date.  The  i)ulse  subsequently  slowed  down  in 
the  characteristic  fashion,  dropping  at  times  to  40  and  45.  The  digitalis  was  then  relinquished, 
and  the  puLse  rate  returned  to  90-120. 


Briefly,  the  case  is  one  of  old  standing  mitral  stenosis  coming  to  hospital 
for  an  attack  of  haemoptysis.  Within  ten  days  of  attending  (and  ])ossil)ly 
as  a result  of  the  digitalis)  a normal  rhythm  interrujited  by  auricular  extra- 
systoles gave  place  to  complete  irregularity  of  the  heart.  This  irregularity 
has  been  present  ever  since. 

Fig.  5a  is  a polygraph  curve  taken  from  this  patient  on  8-12-09.  It 
shows  the  normal  sequence  of  chamber  contraction,  but  the  a-c  interval  is 
increased  to  0-28  sec..  The  rhythm  is  interrupted  by  frequent  auricular 
extrasystoles  (the  premature  auricular  waves  are  marked  a'  in  the  curve)  of 
which  three  examples  are  shown.  The  electrocardiographic  curves  taken  upon 
the  same  day  are  exemplified  by  Fig.  12.  The  upper  curve  of  this  figure 
consists  of  parts  of  four  normal  contractions  and  of  two  auricular  extrasystoles. 
Reading  from  left  to  right,  we  see  a normal  beat,  accompanied  by  P,  R and 
T variations  ; this  is  succeeded  bv  a second  beat  of  the  same  character 
except  that  the  T variation  has  a ])remature  P wave  su])erim])osed  u])on  it; 
its  height  is  consequently  exaggerated.  The  ])rem.ature  P variation  is 
followed  by  the  R and  T jfeaks  of  the  premature  ventricular  systole,  and 
the  latter  is  followed  by  a pause  which  is  not  fully  com])ensatory.  A normal 
contraction,  an  auricular  extrasystole  and  a portion  of  a normal  contraction 
complete  the  curve.  In  the  lower  curve  similar  events  are  shown.  Here 
three  contractions  are  followed  by  a pair  of  extrasystolic  beats  arising 
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in  the  auricle,  and  the  curve  ends  with  a normal  contraction  following 
a short  pause.  The  features  of  these  curves  to  which  attention  is  directed 
are  several.  The  P-R  intervals  of  the  normal  beats  is  increased,  amounting 
to  a full  0-2  sec..  The  P-R  interval  of  the  extrasystoles  is  difficult  to  measure, 
but  certainly  exceeds  this  fraction.  The  curve  is  clean  cut  and  shows  no 
trace  of  oscillation. 


'A- 


Fig.  i)  a and  h.  Two  polygraph  curves  obtained  from  CASE  11,  on  8-12-09  and  20-12-09  res- 
l)octively.  Tracing  a shows  a venous  curve  of  the  auricular  form,  and  auricvdar  extrasystoles 
are  present.  Tlie  a-c  iirtervals  are  increased.  Tracing  b shows  a cvirve  of  the  ventricular 
tyj)c,  the  pulse  is  completely  irregular. 


Fig.  5&  illustrates  the  condition  present  two  days  after  the  onset  of  the 
complete  irregularity  and  twelve  days  later  than  the  occasion  on  which  the 
jireceding  tracings  were  secured.  The  polygraph  curve  shows  complete 
irregularity  of  the  arterial  judse,  and  the  ventricular  form  of  venous  pulse. 
The  electrocardiogram,  taken  on  the  same  day,  is  given  in  Fig.  13  1 (Fig.  13 
1 1 V ill  be  discussed  later).  The  cur^'e  is  eharacteristic  of  the  condition, 
and  is  com])oseci  of  ])eaks  R,  the  remains  of  peaks  T,  and  numerous  irregular 
oscillations.  There  is  no  sign  of  the  normal  P variation.  The  dilatation  of 
the  heart  had  distinctly  diminished,  and  the  general  condition  had  improved, 
at  the  time  when  the  second  grou])  of  curves  were  taken. 

Now  as  it  is  imimssible  to  allow  either  in  the  first  case  or  in  the  second 
that  there  was  any  material  difference  in  the  condition  of  the  heart  muscle 
dining  the  brief  intervals  which  intervened  between  the  occurrence  of  the 
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normal  and  abnormal  types  of  curve,  for  in  both  patients  the  cardiac  affection 
was  essentially  a chronic  one,  so  it  is  equally  inqmssible  to  agree  that  the 
oscillations  dis])layed  were  directly  dependent  upon  myoeardial  ehange.  On 
the  other  hand  the  eases  jirovide  very  suggestive  evidence  that  we  are  dealing 
with  a temporary  inco-ordinate  action  of  a limited  jmrtion  of  the  heart 
muscle  ; and  as  the  evidence  of  normal  activity  in  the  auricle  is  absent  it  is 
essentially  towards  that  chamber  that  our  attention  should  direct  itself. 
The  cases  demonstrate  conclusively  the  interdependence  of  the  abnormal  type 
of  heart  curve  and  the  gross  irregularity.  Further,  they  afford  a strong 
argument  against  the  view  adopted  by  Hering’”  that  the  oscillations  have 
their  origin  in  the  somatic  musculature.  The  normal  and  abnormal  curves 
were  obtained  under  precisely  similar  conditions. 

It  is  perfectly  true  that  many  electrocardiograms  show  traces  of 
variations  produced  by  contraction  of  the  muscles  of  the  body  wall  or  limbs, 
and  at  times  it  may  be  difficult  to  exclude  this  complication  from  the  curves. 
But  the  oscillations  of  which  we  are  speaking  ])ear  no  relationshij)  to  the 
extent  of  such  movements.  Muscular  movements  give  rise  to  irregularities 
in  the  curves  when  a jiatient  trembles  or  fidgets.  In  the  great  majority^ 
of  such  cases  these  extraneous  vibrations  can  be  identified  at  once  by  their 
general  appearance  and  rate.  If  precautions  are  taken  in  the  avoidance  of 
elderly  or  tremulous  subjects,  if  the  recumbent  posture  is  adopted,  and  if  in 
a warm  room  absolute  stillness  is  enjoined  and  enforced,  no  such  irregularities 
appear  in  subjects  in  which  the  heart  sequence  is  normal.  Oscillations  are 
invariably  present  in  the  class  of  patient  considered,  whatever  the  precau- 
tions employed.  They  are  of  much  the  same  degree  from  day  to  day  and 
from  hour  to  hour  in  the  same  subject.  They  are  equally  prominent  when 
leads  from  the  two  arms  are  adopted,  but  vanish  almost  completely  if  the 
electrodes  are  attached  to  the  two  inferior  extremities.  The  proposition, 
that  they  are  part  and  parcel  of  the  heart  beat  as  it  is  represented  to  us 
electrocardiographically,  is  unequivocal.  Very  numerous  and  special  leads  have 
been  devised  and  employed  for  the  exclusion  of  their  origin  in  abdomen, 
limbs  and  head  and  neck.  The  special  leads  show  that  it  is  a matter  of 
indifference,  so  far  as  the  amplitude  of  the  oscillations  is  concerned,  as  to 
how  great  is  the  extent  of  somatic  musculature  which  lies  beneath  and  between 
the  electrodes.  They  demonstrate  that  the  excursion  is  controlled  by  the 
proximity  of  the  heart  to  the  leads. 

The  special  leads  take  us  a step  further,  for  they  make  it  clear  that  it 
depends  upon  the  part  of  the  heart  approached  as  to  how  conspicuously 
the  oscillations  will  appear. 


The  irregular  oscillations  arise  in  the  vicinity  of  the  auricle  ; the  ventricular 
electric  complex  in  complete  irregularity  is  of  the  normal  form. 

Special  electrodes  were  employed,  composed  of  small  circular  copper 
plates,  and  these  were  fixed  to  the  chest  wall  by  means  of  a layer  of  stiff 
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flour  paste  made  up  with  a large  addition  of  common  salt.  A great  variety  of 
curves  can  be  obtained  in  the  normal  subject  by  the  adoption  of  the  many 
leads  which  offer  themselves,  but  with  these  we  are  not  at  present  concerned  , 
our  attention  may  be  confined  for  the  time  being  to  the  amplitude  of  the 
oscillations  which  occur  in  patients  who  manifest  complete  irregulaiity  of  the 
heart.  The  oscillations  are  never  seen  and  no  vibrations  are  found,  which 
in  any  way  resemble  them,  in  normal  subjects  or  in  patients  who  exhibit  the 
normal  sequential  cardiac  mechanism.  But  in  cases  where  the  pulse  is 
irregular  and  the  ventricular  form  of  venous  pulse  is  present  they  are 
invariable.  The  analysis,  which  the  chest  leads  afford,  is  provided  most 
strikingly  by  patients  in  whom  the  right  auricle  is  enlarged,  for  in  these  a 
larger  area  of  the  auricular  wall  is  in  apposition  to  the  chest  wall;  but  the 
phenomena  which  are  here  described  are  not  limited  to  such  cases,  though 
present  in  them  in  greater  degree. 

Fig.  13  shows  five  separate  leads.  I is  from  the  right  arm  and  left  leg, 
and  has  been  mentioned  already.  The  remainder,  TI-V , are  from  the  chest 
wall  and  were  taken  at  the  same  time  and  under  similar  general  conditions. 
II  is  the  curve  yielded  by  electrodes,  one  (the  arm  electrode)  placed  upon 
the  sternum  at  the  level  of  junction  of  the  second  rib,  the  other  (or  leg 
electrode)  upon  the  apex.  The  ventricular  complex  is  represented  by  a curve 
similar  to  that  often  obtained  in  arm  and  leg  leads  from  normal  subjects  ; 
oscillations  are  also  seen  on  the  curve,  but  they  are  not  prominent  exce])t 
towards  its  termination.  Ill  was  obtained  by  moving  the  apex  electrode 
to  the  fourth  space  on  the  right  side  and  one  inch  from  the  sternal  margin. 
The  ventricular  peaks  are  comparatively  small,  and  the  oscillations  are 
maximal.  The  leg  electrode  was  next  replaced  at  the  apex  and  the  arm 
electrode  was  fixed,  first  in  the  third  space  in  the  anterior  axillary  line  on  the 
left  side  {IV)  and  later,  just  below  the  costal  margin  three  inches  internal  to 
the  apex  beat  (F).  The  curves  may  be  taken  as  representing  in  the  main 
the  pictures  yielded  by  left  and  right  ventricles  respectively.  They  are 
almost  entirely  free  of  oscillations,  and  show  regular  and  clean  cut  variations 
in  the  latter  part  of  each  systole. 

The  separate  leads  wiiich  we  liave  examined,  and  numerous  leads  from 
other  parts  of  the  chest  wall,  demonstrate  at  the  outset  that  the  oscillations 
are  conspicuous  or  the  reverse  according  to  the  proximity  or  otherwise  of 
electrodes  and  right  or  superficial  auricle.  The  conclusion  is  obvious  and 
beyond  question.  Of  the  area  of  heart  superficies  which  is  in  relationship 
to  the  front  of  the  chest  wall  it  is  only  over  that  portion  of  it  which  may  be 
termed  aiiricii  ar  that  the  maxiiiial  oscillations  are  produced,  and  as  the 

heart  is  admitted  as  the  source  of  the  oscillations  their  origin  may  be  traced 
to  the  auricular  portion  of  it.  & .y 

Separate  leads  from  the  chest  wall  have  been  obtained  in  a large  number 

Twr/mth  ''  ”>  <l>'estion.  and  they  all  yield  simifar  results. 

Iwo  tiiithei  exami.lcs  are  given  in  Pigs.  14  and  18.  The  explanations  of 

the  figures  may  he  consulted  for  the  details  of  the  leads. 
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Tlie  special  curves  give  an  analysis  of  those  obtained  by  means  of  the 
usual  arm-leg  leads,  and  show  that  the  latter  are  constructed  by  the  super- 
imposition of  current  curves  of  auricle  and  ventricle.  They  explain  the 
deformation  of  the  variation  T and  show  that  the  variability  of  this 
peak  from  cycle  to  cycle  is  the  result  of  the  combination  of  the  currents 
derived  from  the  two  sources,  and  that  it  is  not  an  anomaly  of  the  ventricular 
complex  itself. 

Those  curves  which  are  obtained  by  means  of  leads  from  the  area 
overlying  the  auricle  give  the  purest  pictures  of  the  oscillations  which  may 
be  gained  in  the  human  subject  (it  is  possible  that  oesophageal  leads  would 
give  still  more  distinctive  tracings)  and  allow  a more  detailed  study  of  the 
oscillations.*  Obtained  in  this  way  they  are  found  to  vary  in  rate  between 
400  to  600  per  minute,  but  the  usual  rate  approaches  500  very  closely.  They 
frequently  have  a character,  which,  though  at  present  inexplicable,  is 
remarkable,  and  it  is  seen  to  advantage  in  Fig.  13,111.  The  individual 
oscillations  rise  abruptly  and  fall  away  more  gradually.  It  is  a trait  not 
infrequently  manifested  by  the  undulations  found  with  arm  and  leg  leads, 
but  in  these  it  is  seldom  so  clearly  defined. 


Certain  deductions  from  the  clinical  findings. 

The  outstanding  feature  of  the  records  from  cases  of  complete  irregu- 
larity of  the  heart  is  the  entire  absence  of  all  sign  of  the  normal  auricular 
systole.  It  has  been  shown  time  and  again  that,  while  in  normal  subjects 
and  in  patients  suffering  from  all  other  forms  of  heart  irregularity  or  cardiac 
disability  the  auricular  systole  leaves  a definite  impress  either  upon  the 
cardiogram,  upon  the  venous  volume  curve,  upon  the  oesophageal  curve 
(Minkowski’^’,  Rautenberg’',  Young  and  Hewlett*’’”  and  other  writers),  or  upon 
the  electrocardiographic  curve,  such  evidences  of  its  normal  activity  are 
consistently  wanting  by  each  and  all  of  the  graphic  methods  in  the  group  of 
cases  which  is  engaging  our  special  attentiom’*. 

The  conclusion  which  it  is  impossible  to  avoid,  a conclusion  which  is 
accepted  by  all  those  who  have  given  reasonable  attention  to  the  subject, 
is  that  the  normal  presystolic  auricular  contraction  is  in  abeyance, 
temporarily  or  permanently. 

Paralysis  of  the  auricle  has  been  suggested,  but  little  support  is  now 
found  for  this  hypothesis.  The  conditions  of  the  circulation  are  often  such 
that  it  is  impossible  to  suppose  that  the  pressure  in  the  auricles  is  increased. 
Moreover  it  is  dubious  whether  we  are  justified  in  ap])lying  the  term  paralysis 
to  heart  muscle,  if  we  mean  by  paralysis  complete  inactivity  of  the  muscle. 
The  maintenance  of  a state  of  complete  flaccidity  in  cardiac  muscle,  sur- 
rounded by  conditions  favourable  to  its  nourishment  and  to  its  contraction, 

* Very  large  oscillations  may  be  obtained  by  placing  one  electrode  over  the  right  auricle  in  front 
and  the  other  in  the  neighbourhood  of  the  angle  of  the  right  scapula. 
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for  an  appreciable  length  of  time,  is  a proposition  foreign  to  the  experience 
of  experimentalists.  A deprivation  of  its  functional  powers  would  lead  us  to 
expect,  from  the  analogies  provided  by  pathology,  an  obliteration  of  its 
macroscopic  and  microscopic  characteristics.  The  observation  of  hypertrophy 
in  the  auricle  at  autopsy,  led  Mackenzie  to  abandon  his  earlier  viev  of  paralysis 
and  influenced  him  in  concluding  that  the  auricle  is  active.  The  view  was 
supported  by  the  reappearance  of  signs  of  auricular  contraction  in  paroxysmal 
cases.  We  are  led  to  a precisely  similar  contention  by  the  evidence  yielded 
by  the  electrocardiographic  curves.  The  auricle  is  the  seat  of  an  electric 
disturbance  of  a peculiar  yet  distinctive  nature.  The  constancy  of  the 
oscillations,  their  unique  appearance  and  their  presence  throughout  the  whole 
of  the  cardiac  cycle,  is  responsible  for  the  convictions  that  they  are  an  essential 
feature  of  complete  irregularity  and  that  the  activity  of  the  auricle  is 
continual. 

Co-ordinate  contraction  of  the  auricle  at  an}'^  period  of  the  cardiac 
cycle  other  than  that  of  ventricular  systole  can  be  readily  excluded.  Co- 
ordinate and  simultaneous  contraction  of  auricle  and  ventricle  can  also  be 
set  aside,  for,  as  w’ill  be  stated  in  the  sequel,  it  gives  rise  to  an  entirely  different 
clinical  picture  (see  p.  360). 

As  a whole,  the  evidence  points  in  the  most  convincing  manner  to 
the  conclusion  that  co-ordinate  contraction  of  the  auricle  is  absent,  and  to 
the  conclusions  that  activity  is  present,  and  that  this  activity  is  a 
continuous  one. 

In  experimental  work  \ve  encounter  but  one  variety  of  auricular  activity 
in  wdiich  inco-ordination  of  the  separate  fibres  is  present,  and  this  mechanism 
is  one  in  which  the  auricle  is  in  unceasing  movement.  It  is  the  state  knowm  as 
fibrillation  or  delirium. 

The  remainder  of  this  communication,  therefore,  in  so  far  as  it  deals  with 
the  mechanism  of  the  irregularity,  will  be  directed  in  the  main  to  a comparison, 
of  as  searching  a nature  as  possible,  between  complete  irregularity  in  man  and 
auricular  fibrillation  as  it  is  induced  in  the  lower  animals  For  it  is  upon 
tliis  comparison  that  the  survival  or  overthrow  of  the  liypotltesia  suggested, 
namely  the  identity  of  the  two  conditions,  must  ultimately  depend. 


OsciUahons  stimlar  to  those  characterising  complete  irregnlnrity  of  the  heart 
^n  man  are  found  experimentally  n-hen  the  auricle  is  fibrillating,  and  these 
oscillations  aie  pioduced  in  the  auricle  as  a result  of  the  fibrillation. 

For  the  purpose  of  experiment  dogs  have  been  employed.  They  have 
been  rendered  iiLsensitivc  with  morphia  and  paraldehyde,  and  diirL  the 

TiXined  hvTTr'" '^""Sieal  amesthesia.  lias'heen 
maintained  by  the  administration  of  a siifflciency  of  ether.  Filirillation  of 

e auricle  has  been  indueed  by  faradic  stimulation  of  an  aurieiilar  a i,  Zix 

Ihe  auricle  was  exposed  by  „„e  of  tivo  operative  measures,  l"  nmking^. 
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window  in  the  chest  wall,  or  by  splitting  the  sternum  and  exposing  the 
whole  heart.  Utilising  the  former  route  a small  incision  has  been  made  in  the 
pericardium  and,  two  fine  insulated  wires  being  attached  to  the  auricle,  the 
opening  in  pericardium  and  chest  wall  has  been  closed.  By  withdrawing 
the  air  from  the  chest  the  natural  conformity  of  the  chest  and  spontaneous 
respiration  could  be  restored.  The  second  method  has  been  confined  to 
experiments  in  which  it  was  necessary  to  obtain  synchronous  myocardiograms 
from  auricle  and  ventricle  or  to  those  in  which  electrocardiograms  taken  by 
means  of  direct  leads  from  the  heart  were  desired.  {Simultaneous  arterial 
curves  were  obtained  with  Hurthle’s  manometer,  simultaneous  venous 
curves  by  emi)loying  portions  of  the  polygraphic  apparatus. 

The  electrodes  adopted  for  the  galvanometric  leads  were  of  two  kinds. 
In  leading  from  the  right  fore-paw  and  left  hind-paw  the  clinical  electrodes  were 
utilised.  In  leading  direct  from  the  heart  the  flexible  electrodes  described  by 
Gotch*^  were  found  to  be  most  serviceable.  The  auricle  was  faradised  until 
fibrillation  was  established,  the  stimulation  was  withdrawn  and  the 
curves  taken  before,  during  or  after  the  return  of  the  normal  or  secpiential 
contraction. 

The  oscillations  which  are  obtained  experimentally  as  a result  of  faradic 
stimulation  of  the  auricles  are  unique,  for  they  occur  in  no  other  experimental 
condition.  They  are  seen  in  Figs.  20  and  22.  They  consist  of  variations 
which  succeed  each  other  rapidly,  at  a rate,  in  the  experience  of  these 
experiments,  varying  apj)roximately  from  500  to  900  per  minute.*  They 
replace  the  usual  P variations  of  the  normal  rhythm  and  produce  the  same 
deformation  of  the  T variations  as  in  the  clinical  curves.  In  leading  from 
the  terminations  of  superior  and  inferior  vena  cava,  the  oscillation  is 
sometimes  characterised,  as  is  the  clinical  oscillation,  by  its  more  abrupt  rise 
and  more  gradual  fall  (Fig.  31  II). 

Though  never  absolutely  regular,  yet  at  times  the  s])acing  is  remarkable 
for  its  tendency  to  regularity,  a quality  noted  in  the  clinical  curves.  They 
continue  throughout  the  whole  of  the  cardiac  cycle. 

The  proposition  that  these  variations  are  generated  in  the  auricle  and 
that  they  depend  upon  the  delirium  in  the  walls  of  that  chamber  is  easily 
substantiated.  They  are  only  ])resent  when  the  auricle  fibrillates,  and  are 
entirely  absent  from  the  curves  yielded  l)y  the  same  animals  when  the 
normal  rhythm  is  re-established.  Figs.  20  and  21  are  two  simultaneous 
electrocardiograms  taken  from  a single  animal  within  a few  minutes  of  each 
other.  The  first,  during  an  auricular  fibrillation  ])eriod,  exhibits  the  oscilla- 
tions ; the  second,  after  the  re-establishment  of  the  normal  se(]uence,  shovs 
none,  but  the  P variations  have  reappeared. 

There  is  a relationshi))  between  the  rate  and  amplitude  oi  the  electric 
oscillations,  and  the  vibrations  seen  in  myoeardiograi)h  curves.  It  is  well 


* Tho  estimation  of  the  rate  of  oscillations  is  necessarily  only  ajtia'oxiniatc,  for  the}’  aie 
irregular.  The  rates  wore  calculated  where  several  similar  oscillations  succeeded  each  other  and 
the  finest  vibrations  liave  boon  neglected. 
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known  that  auricular  fibrillation  may  be  of  many  grades,  the  movement  of 
muscle  levers  is  fine  or  coarse  in  the  same  exjjeriment  or  from  animal  to 
animal.  It  is  only  rarely  that  an  actual  correspondence  can  be  found  between 
the  individual  muscle  movements  and  the  electric  variations,  and  this  is  to 
be  expected,  for  the  whole  auricle  is  active,  and  only  a small  portion  of  the 
muscular  movement  is  recorded.  Nevertheless,  correspondence  may  be 
found  in  some  degree.  When  the  muscular  movement  is  small,  and  the 
vibration  of  the  lever  rapid,  the  oscillations  tend  to  be  of  small  excursion  and, 
as  seen  under  vagal  stimulation,  may  reach  a rate  of  900  or  more  per  minute.* 
With  the  coarse  fibrillary  movements  on  the  other  hand,  the  electrical 
variations  are  of  greater  amplitude  and  are  slower.  Fig.  20  shows  simul- 
taneous curves  from  ventricle  and  auricle,  and  an  electrocardiogram.  In  the 
left  hand  portion  of  the  figure  the  auricle  is  fibrillating,  the  ventricular  beats 
are  irregular,  the  movement  in  the  auricle  is  of  the  coarse  variety.  In  this 
instance  the  auricular  muscle,  though  fibrillating,  ap2:)ears  throughout  to  be 
on  the  borderland  of  a return  to  co-ordinate  contraction.  Thus  in  the  last 
half  of  the  fibrillary  period  the  separate  vibrations,  as  seen  in  the  muscle 
curve,  are  almost  though  not  absolutely  regular  at  a rate  of  450  per  minute. 
The  movement  in  the  first  half  of  the  fibrillary  period  is  more  disorderly 
and  a little  more  rapid.  The  figure  is  a reduction  of  a greatly  magnified 
photograph  of  the  original  curve.  During  the  whole  of  the  fibrillary  period 
it  is  possible  to  establish  a definite  relationship  between  the  individual 
movements  expressed  by  the  auricular  curve  and  the  oscillations  which  ajjpear 
upon  the  electric  curve.  During  the  last  half  of  the  fibrillary  period  (R'  to  R’^) 
an  oscillation  falls  with  each  of  the  peaks  R and  with  each  of  the  variations  T. 
As  a result  the  height  of  these  weaves  is  enhanced,  and  a picture  bearing  a 
superficial  resemblance  to  2 : 1 heart-block  is  produced.  The  rate  of  the 
auricular  movement,  the  absence  of  absolute  regularity  and  the  great 
reduction  of  the  auricular  muscular  movement  when  compared  to  the  normal 
demonstrate,  however,  that  this  portion  of  the  curve  cannot  be  interpreted 
m this  way.  In  the  earlier  portion  of  the  curve  (beats  2-7)  the  auricular 
mco-ordination  is  more  clearly  visible,  but  here  also  a complete  analysis  of 
the  electrocardiogram  is  possible  by  exact  fixation  of  the  instants  at  which  the 
individual  auricular  and  ventricular  movements  fall.  The  curve  as  a whole 
IS  a complex  picture  composed  of  an  accurate  super-imposition  of  R and  T 
‘rf°  pi’ t ‘ ventricular  systoles,  and  of  auricular  variations, 

fik  n f ■ seem  that  the  oscillation  appearing  in  auricular 

fibres*' and  that*  “''‘‘"Re®  occurring  in  the  individual 

otaT’ result  of  '"ovement  of  the  myoeardiograph  lever  is  the 

ndilidua  fibres  Tf™;  ’“  “-'d  relaxations  of  the 

contractfon  1^,'  th  fi’^-'es  are  in 

llc^a  e when  ! “*i  T u-  such  a state  would  be 

ant.c.pated  when  the  auricle  is  tending  to  return  to  a normal  or  co-ordinate 


Speaking  of  tlio 


coarser  oscillations  only. 
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mechanism,  then  a tendency  to  general  contraction  of  the  chamber  as  a whole, 
and  an  inclination  for  the  electric  variations  of  given  direction  to  superini])ose 
and  produce  a more  or  less  prominent  resultant  curve  would  be  jiresent. 
There  is  evidence  of  a similar  kind  (which  has  been  referred  to  in  a former 
communication)  in  the  case  of  fibrillation  of  the  ventricle  and  the  similar 
oscillations  which  are  the  outcome  of  it. 

The  location  of  the  electric  change  in  the  auricle  is  a simple  matter  if 
direct  leads  are  taken  from  the  heart  itself,  and  from  various  parts  of  the 
body  wall.  The  oscillations  are  maximal  when  the  lead  is  from  the  auricular 
substance  (Fig.  31  / and  //),  and  their  amplitude  decreases  according  as  the 
distance  se])arating  auricle  and  electrode  is  widened  (Fig.  31  F and  VI). 
Curves  taken  from  the  ventricle  direct  show  comparatively  little  trace  of  the 
oscillations  while  the  auricle  is  fibrillating  (Fig.  31  III). 

There  is  therefore  no  question  but  that,  in  experimental  auricular  fibril- 
lation, oscillations  in  the  electric  curve  are  produced  which  may  be  definitely 
located  as  arising  in  the  auricle  ; there  is  equally  no  doubt  that  the  oscillations 
are  produced  as  a result  of  the  fibrillation,  for  they  are  contemporaneous  with 
it  and  with  no  other  mechanism. 

It  is  only  at  the  time  when  this  communication  is  arriving  at  com- 
pletion, that  the  preliminary  notice  of  Rothberger  and  Winterberg’s 
researches  has  come  to  my  notice.  The  curves  which  they  give  as  illustrating 
auricular  fibrillation  in  limb  leads  are  of  the  same  nature  as  those  portrayed 
by  the  accompanying  figures. 


The  electrocardiographic  curves  corn  pared  in  more  detail. 

One  of  the  outstanding  features  in  the  electric  curves  of  both  the  clinical 
condition  and  exqierimental  fibrillation  is  the  ])resence  of  oscillations.  These 
oscillations  vary  considerably  in  form,  in  rate  and  in  extent  from  case  to 
case,  and  from  experiment  to  experiment.  But  when  the  material  for 
selection  is  abundant  it  is  often  ]mssible  to  choose  from  the  comparates 
examples  of  curves  which  are  alike  pictorially.  Collectively  the  curves  fall 
into  line  rather  in  virtue  of  qualities  which  they  bear  in  common. 

Rothberger  and  Winterl)erg,  making  independent  observations,  have 
recently  drawn  attention  to  the  oscillations  in  auricular  fibrillation,  and 
have  noticed  the  resemblance  of  the  oscillations  found  to  those  seen  in  cases 
of  irregularity  of  the  heart. 

For  purposes  of  pictorial  comparison  two  curves  have  been  selected,  and 
are  shown  in  Figs.  22  and  23.  The  first  is  an  ex])erimental  curve,  and  the 
second  is  from  a case  of  mitral  stenosis  with  completely  irregular  pulse.  The 
similarity  is  striking.  In  instances  where  the  ventricular  beat  is  rapid 
(Fig.  15),  and  where  on  this  account  the  oscillations  are  obscured,  the  nature 
of  the  rhvthm  is  identified  not  so  much  by  searching  for  oscillations  as  by 
noticing  the  deformity  of  those  portions  of  the  curve  which  lie  between  the 
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adjacent  peaks  R R . The  pieces  of  curve  referred  to  sliovv  no  resemblance 
to  each  other.  A similar  example  but  an  exi)erimental  one  is  shovn  in  Fig.  17 
(the  last  half  of  the  curve).  The  first  half  of  this  curve  represents  the  escape 
following  vagal  stimulation.  The  oscillations  which  are  so  comj)letely 
unmasked  by  the  prolongation  of  diastole  escajie  attention  in  the  succeeding 
cycles.  In  the  clinical  curves  tlie  peak  R is  exaggerated,  as  compared  to 
the  normal.  The  same  remark  applies  to  most  experimental  curves  (the 
comparison  may  be  made  in  Figs.  20  and  21  and  in  Fig.  29).  The  difference 
is  also  present  in  curves  taken  direct  from  the  ventricle  (Fig.  31  III 
and  IV). 

Again,  there  is  the  fact  that  in  experimental  as  well  as  in  clinical  curves 
the  general  character  of  the  ventricular  complex  is  unaltered.  In  the  dog  this 
can  be  readily  demonstrated  by  leading  from  any  two  pointsof  the  ventricular 
surface.  The  same  type  of  curve  is  yielded  whether  the  auricle  is  fibrillating 
or  in  co-ordinate  contraction.  Fig.  31  III  and  IV  may  be  compared.  The 
former,  taken  while  the  auricle  is  fibrillating,  shows  a faster  heart  beat  to  the 
right  and  the  last  phases  of  the  shorter  cycles  are  curtailed.  To  the  left  of 
the  same  figure,  the  full  complex  is  shown  while  the  heart  is  escaping  from  the 
inhibitory  slowing.  The  ventricular  complexes  are  of  the  same  form  as  those 
exhibited  while  the  seciuence  is  normal,  and  the  heart  regular  (Fig.  31  IV). 
The  same  fact  may  be  shown  when  the  oscillations  lack  prominence.  Leads 
from  the  upper  and  lower  part  of  the  chest  of  the  same  animal  gave  similar 
and  normal  ventricular  curves  with  one  or  other  mechanism  present  (Fig.  31 
V and  VI).  The  two  illustrative  curves  show  the  same  events,  the  passage 
from  fibrillation  to  normal  ser[uence,but  in  VI  the  galvanometer  was  arranged 
to  give  an  excursion  approximately  three  times  as  great  as  in  V. 

The  electrocardiographic  curves,  experimental  and  clinical,  are  alike 
in  every  other  respect.  The  irregular  distribution  of  the  ventricular  peaks  R, 
the  direction  of  these  peaks  (direction  of  base  negativity)  and  the  submerged 
variation  T,  are  features  lield  in  common.  There  is  a further  characteristic, 
which  deserves  more  atRntion.  It  is  common  to  both  clinical  and  experi- 
mental curves.  There  is  no  fixed  relationship  between  the  heights  of  the 
peaks  R,  and  eitlier  tlie  jiauses  M hicii  ])recede  tliem  or  the  height  of  corres- 
ponding carotid  beats.  The  absence  of  botli  relationshii.s  is  shown  in  Figs  15 
and  1/  I he  same  disproportions  are  seen  in  the  condition  known  as  heart 
alternation*,  and  it  is  not  improi.able  tliat  a common  factor  aids  in  its 
geneiation  under  tlie  two  sets  of  eircunistances.  Rut  though  1 believe  a 
,>henonienon  of  this  sort  plays  some  part,  yet  in  certain  of  the  records  it  is 
obviously  a minor  factor.  It  will  be  clear  that  when  the  oscillations  are 

nean'l'^u'dsr’’  r ^ relative  positions  of 

e e.arde  .17  1 imlividual  oscillation  mav 

be  Kgaided  as  A shaped  ; if  a peak  R falls  where  the  depression  between 
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berg''  htifi  reiioried  some  observations  from  • i i 
leaves  bol.iml  it,  on  terminating,  a state  of  altered  eontraetilitv.  fibrillation 
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two  adjacent  oscillations  occurs,  that  peak  will  be  relatively  short  ; if  it  falls 
on  the  summit  its  height  will  be  enhanced  ; while  falling  on  the  side  of  the 
a midway  position  may  be  expected.  Evidence  for  this  view  was  advanced  in 
the  discussion  of  Fig,  29,  and  a careful  examination  of  Figs.  22  and  23 
substantiates  it.  The  oscillations  in  these  two  figures  are  not  s])aced  with 
absolute  regularity,  but  it  is  possible  to  reconstruct  those  oscillations  which 
are  distorted  by  R variations  coinciding  with  them.  It  is  found  that  where 
a peak  R falls  at  a point  at  which  the  summit  of  an  oscillation  is  to  be  antici- 
l)ated  the  peak  is  tall  in  comparison  to  one  which  falls  where  a dei)ression 
is  expected.  On  the  other  hand  there  are  many  curves  in  which  this  explana- 
tion is  insufficient.  Fig.  31  III,  is  an  experimental  curve  taken  by  means  of 
direct  leads  from  the  right  ventricle  during  fibrillation.  Oscillations  are 
entirely  absent,  yet  there  is  the  absence  of  relationship  between  the 
amplitude  of  preliminary  variations  and  the  length  of  preceding  pause. 

Reviewing  the  electrical  phenomena  as  a whole  it  becomes  manifest 
that  the  clinical  and  experimental  curves  resemble  each  other  in  every 
respect.  The  close  pictorial  resemblance  in  many  instances,  and  the  absolute 
identity  of  all  the  essential  characteristics  taken  alone  or  in  relation  to 
corresponding  events,  are  in  themselv’’es  sufficient  to  carry  conviction  of  a 
similar  mechanism  in  clinical  and  experimental  instance. 


The  radial  curves  compared. 

In  1006,  Cushny  and  Edmunds'*'^*  investigated  a case  of  paroxysmal 
irregularity  of  the  heart.  Unfortunately  no  venous  curves  vere  taken, 
but  from  the  radial  tracings  it  is  in  the  highest  degree  probable  that  the 
irregular  heart  action  with  which  they  were  dealing  was  of  the  nature  here 
considered.  These  authors  drew  attention  in  their  paper  to  the  close 
similarity  of  the  radial  curves  taken  from  their  patient  and  arterial  curves 
obtained  from  dogs  in  which  the  auricle  was  in  a state  of  fibrillation.  They 
remarked  in  particular  upon  the  absence  of  relationship  between  the  height 
reached  by  the  arterial  beats  and  the  pauses  preceding  them. 

In  so  far  as  the  exi)erimental  arterial  curves  are  concerned,  I have  little 
to  add  to  the  description  given  by  Cushny  and  Edmunds.  The  irregularity 
of  the  arterial  pulse  in  auricular  fibrillation  is  absolute  and  has  the  same 
(pialities  as  those  presented  by  the  curves  in  complete  irregularity  of  the 
heart  in  man.  The  rate  of  the  ventricles  is  increased.  Some  exam])les  of 
the  Hurthle  manometer  curves  taken  from  the  carotid  of  a single  animal  are 
given  in  Fig.  6,  A short  strip  of  normal  curve,  the  only  piece  in  the  figure,  is 
shown  in  the  third  line.  At  the  ])oint  where  the  arrow  is  ])laced,  the  auricle, 
which  had  spontaneously  ceased  to  fibrillate,  was  faradised  once  more  and 
the  fibrillation  was  re-induced.  The  curves  were  taken  with  the  chest  wall 
intact  and  may  be  compared  with  the  numerous  radial  tracings  given  in  this 
paper  (Fig.  1,  etc,). 
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Fig.  6 (1-6).  X % linear.  The  time  marking  is  in  seconds.  Hiirthie  manometer  curves  from  the 
carotid  of  a dog  in  which  the  anricle  was  fibrillating.  Chest  wall  intact.  A small  jiortion  of 
normal  curve  is  shown  in  line  3.  At  the  ]>oint  where  the  arrow  is  ])laced  the  auricle,  \\hich 
had  resumed  its  normal  rhythm,  was  faradised. 


The  venous  curves  and  their  comparison. 

The  venous  curves  associated  vith  complete  irregularity  of  the  heart 
have  been  discussed  at  length  in  the  preceding  pages. 

The  venous  curves  in  experimental  auricular  fibrillation  were  obtained 
by  exactly  similar  means*.  The  ink  polygraph  was  employed,  and  large  and 
well-fed  dogs  were  chosen  for  the  jnirpose.  The  femoral  curves  were  secured 
by  ex})osing  the  artery  in  the  thigh  and  by  stitching  the  receiving  apparatus 
in  place  over  it.  The  jugular  tracings  were  obtained  by  fastening  the 
receiver  to  the  shaven  neck  ; the  ap]dication  of  vaseline  ensured  complete 
closure  of  the  transmitting  system.  Curves  have  been  taken  with  the 
chest  open  and  closed.  They  present  no  essential  difference  ; those  which 
illustrate  this  section  are  examples  from  animals  in  which  the  chest  wall  had 
been  restored. 

In  Fig.  7 a and  h strips  of  curve  from  a single  animal  are  represented. 
In  the  upper  curve  the  normal  rhythm  is  interrupted  by  a short  induced 
paroxysm  of  irregularity  due  to  fibrillation  of  the  auricle.  The  venous 
tracing  while  the  rhythm  is  regular,  before  and  after  the  paroxysm,  consists 
of  clearly  inscribed  a,  c and  v waves.  During  the  paroxysmal  period  each 
of  the  irregular  beats  (several  fail  to  im])ress  the  femoral  curve)  is  accom- 
panied by  tv o prominent  waves  in  the  veins;  the  waves  are  separated  from 
each  other,  and  the  second  wave  is  succeeded,  by  a well-marked  depression. 

♦ Horing--*"  statoB  in  a recent  note,  that  lie  has  soon  vonov.s  curves,  and  that  they  are  of 
ventricular  form. 
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The  main  waves  fall  in  the  systolic  interval,  E,  but  where  the  pause  of 
diastole  is  long  a stasis  wave  is  also  apparent.  The  lower  tiacing  of  this 
figure  shows  the  onset  of  a similar  paroxysm,  and  the  venous  cuive  at  its 
commencement  is  of  the  same  type.  Towards  the  termination  of  the  curve 
there  is  a succession  of  more  rapid  beats  and  the  corresponding  venous 
curves  incline  to  the  plateau  form;  the  systolic  depression  of  the  slouei 
beats  is  wanting.  At  no  point  in  either  tracing  are  true  presystolic  waves 
discoverable  while  the  auricle  is  iibrillating.  The  venous  records  are  of 
precisely  the  same  type  as  those  which  characterise  the  clinical  condition. 
The  figures  may  be  compared  most  profitably  with  Fig.  2 B and  A,  and  with 
Fig.  4 I?  (experimental  venous  curves,  abnormal  and  normal,  are  also  shown 
in  Figs.  20  and  21).  The  variation  in  form  with  the  enhanced  rate  of 
ventricular  beats  has  its  clinical  parallel.  Further,  in  the  experience  of 
these  experiments,  variations  have  been  met  with  which  seem  to  indicate 
that  the  plateau  type  of  venous  curve  may  result  from  cardiac  dilatation, 
but  this  feature  has  received  no  special  investigation.  The  plateau  form  is 
more  commonly  found  towards  the  end  of  an  experiment.  The  examples 
given  in  Fig.  8 belong  to  the  later  stages  of  an  experiment. 

Fig.  8 is  published  to  illustrate  the  effects  of  vagal  stimulation. 
Irritation  of  the  vagus,  while  the  auricle  is  in  delirium,  ]n'oduccs  very 
definite  effects.  By  inspection  of  the  auricle  it  is  determined  that  the 
muscular  activity  is  more  finely  subdivided  and  more  flickering  duringthe  time 
of  inhibition.  The  auricle  is  more  ballooned.  At  times  the  fibrillation  ceases 
altogether  (Kronecker  and  Spallitta^^,  Phillips'*^*  '®).  In  my  experience  the 
cessation  of  the  delirium,  and  the  return  of  the  normal  sequence  under  vagal 


stimulation  is  almost  invariable,  provided  that  the  fibrillation  has  been 
of  short  duration.  But  the  result  is  not  absolutely  constant,  and  it  is  less 
frequent  when  the  inco-ordinate  movement  has  been  ])rcsent  for  many 
minutes.  I he  increased  distension  is  invariable.  The  ventricular  rhythm  is 
always  markedly  retarded  (K.  and  S.),  and  the  rate  of  beat  is  slow  for  some 
while  after  the  cessation  of  the  stimulation.  As  the  heart  quickens  again 
it  may  do  so  in  res])onse  to  a fibrillatingor  to  a normally  contracting  auricle.* 
\'\  hen  an  auricle  has  been  fibrillating  uninterrujitedly  for  some  while,  and 
the  vagus  has  been  stimulated  and  slow  ventricidar  action  has  resulted, 
I have  noticed,  by  no  means  infretjuently,  that  after  the  cessation  of 
stimulation  and  with  the  re-establishment  of  rapid  response  to  fibrillation, 
the  latter  having  continued  for  a brief  peuiod  onlv,  gives  place  to  normal 
or  co-ordinate  contraction.  The  retardation  of  the  ventricular  beat,  while 
the  auricle  is  still  fibrillating  is  probably  due,  as  Cushny  and  Edmunds 
suggest,  to  a hiiulrance  to  the  passage  of  the  auricular  impulses  across 
he  auriculo-ventricular  junction.  Both  the  curves  which  are  given  in 
he  accompanying  figure  (Fig.  8)  show  a return  to  the  norniarrhythm 


* .Aci'ordin^j;  as  Mi((  iiiliihitury  iiiduciiccs  luuo 
t/liu  iioriiial  juifo-iiuikor. 


(>i  ha\  0 not  i’i.i-ostul)li,shed  tho  pivtloiniaiiiico  of 
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after  a period  of  ventricular  slowing.  But  in  each  instance  a greater  or  lesser 
grade  of  A-V  heart-block  is  demonstrated  by  the  venous  curves,  after  the 
restoration  of  the  usual  sequence.  In  the  upper  tracing  the  a-c  interval  is 
wider  with  the  first  few  beats  and  gradually  diminishes  up  to  the  point  where 
the  stops  are  seen.  The  heart-block  is  of  a higher  grade  in  the  second  tracing. 
At  the  escape  of  the  auricle  from  its  fibrillary  state  it  meets  with  no  ventricular 
response,  and  during  the  rest  of  the  figure  a 2 : 1 relationship  of  auricular 
and  ventricular  systoles  is  maintained.  The  definite  sign  of  obstruction  to 
the  passage  of  auricular  impulses  and  the  halved  ventricular  rate  which 
results  in  the  later  stretches  of  the  curve,  strongly  favour  the  view  that 
during  the  fibrillary  period  the  slowing  has  been  brought  about  in  a similar 
manner,  namely  by  a reduction  of  the  number  of  impulses  conveyed  from  the 
upper  chamber.  Subsec(uently,  the  clinical  import  of  these  remarks  will  be 
more  manifest. 

The  duration  of  the  fibrillation  is  clearly  depicted  in  the  figure.  As  soon 
as  the  pulse  rate  falls  and  the  diastolic  pauses  reach  an  appreciable  length, 
fine  oscillations  following  each  other  at  a rate  of  approximately  700  per 
minute  make  their  appearance  in  the  venous  curves.  They  are  produced 
by  the  fibrillary  movements  of  the  auricular  wall  and  vanish  at  the  return 
of  the  co-ordinate  contraction  of  its  musculature  (thus,  in  the  upper  tracing 
the  fibrillation  ends  at  the  spot  indicated  by  the  arrow)*. 

The  appearance  of  these  rapid  and  small  undulations  of  pressure  in 
the  veins  during  experimental  fibrillation  finds  its  parallel  in  the  clinical 
case.  The  waves  are  not  found  in  all  cases,  ex])erimental  or  clinical  ; a slow 
ventricular  action  is  essential  (cp.  Fig.  4 A,  and  the  discussion  relating  to  it). 
While  their  dependence  upon  fibrillation  in  the  experimental  case  cannot  be 
gainsaid,  a similar  origin  is  not  demonstrated  with  equal  facility  in  the 
clinical  instance.  At  the  same  time  an  additional  observation  is  hel])ful. 
In  man  the  rate  of  the  venous  waves  is  a]iproximately  the  same  as  the  rate 
of  the  electric  oscillations.  Simultaneous  electric  and  venous  curves  are 
shown  in  Fig.  10.  The  oscillations  are  clear  in  both  lines,  and  the  rate 
is  approximately  450  in  each.  The  rate  as  portrayed  by  this  figure  may  be 
compared  with  that  found  in  Fig.  4 A,  a curve  obtained  from  the  same 
patient  on  the  same  day.  A comparison  between  the  rates  of  the  experi- 
mental oscillations  and  the  experimental  venous  undulations  in  the  figures 
already  described  is  not  practicable,  for  the  vagal  stimulation  alters  the 
character  of  the  fibrillation.  To  the  naked  eye  and  in  myocardiograidi 
curves  the  movement  appears  finer  and  faster  during  inhibition.  The 
electric  oscillations  are  also  more  rapid  under  these  circumstances  (see 
Fig.  17,  in  which  the  rate  is  approximately  800  per  minute).  In  many 
instances  the  rapidity  is  even  greater.  I have  tried  on  several  occasions 


* In  tlip  lower  tracing,  the  fibrillation  ends  in  what  appears  to  be  a foil  anrictilar  contraction. 
I have  seen  the  same  in  electric  curves  ; it  has  probably  taken  jilaco  in  Fig.  31  / / ; sncli  boats 
usually  yield  anomalous  electric  curves,  and  are  not  the  outcome  of  sinus  impulses. 
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8 a and  h.  Polygraph  curves  from  a dog.  Chest  wall  intact.  Showing  the  venous  and  femoral  curves  while  the  auricle  is 
fibrillating.  During  each  record  the  vagus  was  stimulated.  Fibrillation  waves  in  the  veins  are  immasked  and  eventually  the 
fibrillation  ceases.  With  the  return  to  the  normal  rhythm  a certain  degree  of  heart-block  is  present. 
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to  institute  a less  precarious  comparison  by  severing  the  auriculo- 

ventricular  bundle,  in  the  hope  of  obtaining  simultaneous  venous  and 
electric  curves  while  the  ventricular  beat  is  slow  and  the  oscillations 

prominent,  but  so  far  the  experiments  have  lacked  success. 

It  seems  plausible  to  attribute  the  finer  state  of  fibrillation  under 
vagal  stimulation  to  the  phenomenon  assigned  as  the  cause  of  the  slowing  of 
the  ventricle,  namely,  to  heart-block,  at  the  A-V  junction  in  the  one  case, 
and  in  the  walls  of  the  auricle  in  the  other.  A conclusion  which  seems 
warranted  and  which  is  more  relevant  to  the  main  thesis  of  this  communica- 
tion is  that  the  venous  and  electric  oscillations,  be  they  clinical  or  experi- 
mental, are  the  result  of  one  and  the  same  mechanism. 

Reviewing  the  observations  upon  the  venous  pulse  in  comjdete 

irregularity  of  the  heart  and  in  experimental  auricular  fibrillation  we  may 
state  that  the  records  are  alike  in  every  respect. 

A summary  of  the  comparison  instituted  between  the  records  obtained  in  com- 
plete irregularity  of  the  heart  in  itum,  and  in  experimental  auricular 
fibrillation. 

In  an  earlier  section  it  was  stated  that  the  proposition  advanced, 
namely,  that  the  two  conditions,  complete  heart  irregularity  in  man  and 
auricular  fibrillation  in  the  dog  are  of  one  and  the  same  nature,  must  stand 
or  fall  by  a careful  comparison  of  the  two  conditions.  This  comparison  has 
been  completed  in  the  intervening  sections.  It  has  been  ascertained  that 
the  clinical  and  experimental  conditions  resemble  each  other  in  every  respect 
in  which  they  have  been  investigated.  The  observations  are  summarised  in 
the  following  table,  which  consists  of  a systematic  list  of  the  features  presented 
in  common. 

The  radial  curves. 

1.  Rate  increased  as  compared  to  the  normal. 

2.  Presence  of  absolute  irregularity. 

3.  Absence  of  fixed  relationship  between  the  strength  of  a beat  ami 

the  preceding  pause. 

4.  The  presence  of  many  “ dropped  ” beats,  and  of  beats  of  all  shajws 

and  sizes. 

The  venous  curves. 

1.  The  presence  of  the  ventricular  form  of  veiious  pulse  {the  absence 

of  “ rt  ” waves). 

2.  The  appearance  of  definite  variations  in  the  form  of  the  individual 

venous  pulse  citrves. 

3.  The  presence  during  diastole  of  rapid  undidations  of  venous 

pressure  when  the  heart  beat  is  slow. 
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el  e dr  oca  rdioq  ra  ms. 

I . The  occmrence  of  a h„ee  ,,c;, alive  variation  li  at  the  coimnencement 
of  ventrknlar  sysiole. 

O The  presence  ol  a variation  T which  is  dejornml  in.  teach  from  the 
extremities,  hut  which  is  clear  cut  and  of  normal  jorm  m leads 
from  the  heart  itself . 

.4.  The  absence  of  an  auricular  systolic  varudion  P. 


4.  The  occurrence  of  continuous  oscillations,  generated  in,  or  m the 

vicinity  of,  the  auricle.  The  rapidity  of  the  oscillations. 
Their  disappearance  u'hen  the  normal  rhythm  ts  resumed. 

5.  The  absence  of  fixed  relationship  between  the  height  of  the  peak  P 

and  the  length  of  the  preceding  heart  pause.  The  absence 
of  relationship  between  the  height  of  P and  the  height  of 
corresponding  arterial  curves. 

6.  The  increase  in  the  size  of  P as  compared  to  the  similar  peaks 

of  the  normal  curve. 


Auricular  fibrillation  as  a clinical  entity. 

The  clinical  and  experimental  comparison  employed  as  a deliberate 
test  of  the  proposition,  originally  based  upon  jnirely  clinical  facts,  is 
invaluable.  Without  it  our  attitude  towards  a large  group  of  clinical  cases 
remains  in  the  hypothetical  stage.  With  the  comparison  hesitancy  gives 
]dace  to  a feeling  of  security,  and  we  may  apjiroach  our  patients  with  a true 
appreciation  of  the  affection  which  we  so  frecpiently  encounter.  The  meaning 
of  many  otherwise  obscure  manifestations  becomes  clear,  and  we  are  in  a 
position  to  pursue  the  path  of  investigation  towards  the  hoped  for  cure  or 
]U’evention  with  the  sense  of  a firm  footing. 

The  possibility  of  the  occurrence  of  auricular  fibrillation  as  a clinical 
])henomenon  has  been  recognised  by  several  writers.  As  we  have  seen,  it 
was  suggested  by  Cushny  and  Edmunds.*  Their  suggestion,  based  as  it  was 
upon  the  comparison  of  the  arterial  curves  in  a single  clinical  case  with  those 
obtained  experimentally,  has  not  develojied  up  to  the  present  time  ; the 
hypothesis  was  a tentative  one.  In  the  discussion  at  the  end  of  their  paper 
they  state  . Of  course  we  cannot  claim  to  have  shown  definitely  any 
connection  between  this  t3’pe  of  irregularity  in  the  dog’s  heart  and  that  in  the 
case  described.  At  the  same  time  there  exist  similarities  between  them,  and 
the  sudden  onset  of  the  irregularity  in  each  case  suggests  a common  cause;” 
\\  cnckebach'^’,  a\  riting  a year  later,  briefly  discussed  the  possibilit3L 

In  1908,  Hirschfelder-'  published  some  notes  on  auricular  fibrillation, 
and  concluded  that  certain  cases  of  iiaroxysmal  tachycardia  were  the  result 

The.  first  suggestion  came  from  Cushny  { E.rper.  Med.,  1801),  iv,  040). 
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of  iiuM’easecl  tiui  ioular  irrital)ilit y.  'I’lie  auricular  tachycardias  to  w liich  lie 
riders  arc  of  an  essentially  ditferent  nature  to  the  disturhance  of  heart  rhythm 
which  we  are  discussing,  and  there  is  no  reason  to  sujijiose,  hut  on  tin*  other 
hand  every  reason  to  deny,  that  tlu'y  aia*  tlu*  lesult  of  auricular  Hluillation 
in  the  true  sense  of  the  term.  But  when  the  aurich'  is  faradised  with  a weak 
cuitent,  a |)reliminary  ijuiekening  of  rhythm  takes  place,  and  as  the  stimulus 
is  increased  and  spreads  tilirillation  may  ensue.  In  this  limited  sense  a 
connection  may  he  traced  hetween  regular  auricular  tachycardias  and 
auricular  fihiillation,  and  1 have  met  w ith  a single  instance  in  w hich  the  one 
condition  (regular  auricular  tachycardia)  jia.ssed  directly  into  the  other 
(complete  heart  irregularity  or  auricular  Hhrillation).  (d’his  instance  is 
suliseipiently  described  ; Fig.  \)  and  ex])lanatory  remarks*.) 


It  may  he  said,  therefore,  that  although  auricular  fihiillation  has  hecn 
regarded  hy  certain  isolated  ohservers  as  a jiossihle  phenomenon  in  clinical 
pathology,  its  association  with  anything  heyond  rare  cases  of  iiaroxysmal 
tachycardia  has  not  heen  seriously  attemjited  until  the  last  few'  months.  The 
introduction  of  the  string  galvanometer  as  an  aid  to  diagnosis  has  facilitated  a 
much  wider  conclusion.  W hile  these  investigations  were  in  progress  this 
conclusion  has  heen  ])artially  and  inde})endently  arrived  at  hy  Rothherger 
and  W interherg'"’,  working  in  ^'ienna.  In  their  preliminary  communication 
they  conclude  that  certain  cases  of  pulsus  irregularis  perpetuus  are  due  to 
Hhrillation.  A large  clinical  exjierience  of  such  cases  exempts  me  from  the 
necessity  of  restricting  my  conclusions,  and  permits  me  to  assert  that  all  such 
cases  belong  to  a single  grouj),  and  that  the  mechanism  is  the  same  in  all. 

Where,  in  conjunction  w ith  an  absolutely  irregular  ])ulse,  the  ventricular 
form  of  venous  pulse  and  the  characteristic  electrocardiogram  are  ])resent, 
the  evidence  is  complete.  But,  as  in  a large  number  of  ])atients  no  case, 
exhibiting  comi)lete  irregularity  and  the  ventricular  form  of  venous  j)ul.sc, 
lias  heen  found,  which  does  not  show  likewise  the  typical  electric  records, 
the  electrocardiograms  cannot  he  held  as  essential  to  the  diagnosis.  ^Moreover, 
as  no  case  of  complete  irregularity  has  heen  met  with,  or  has  been  recorded 
hy  any  other  writer,  in  which  the  venous  pulse  when  given  may  not  he 
interpreted  as  of  the  ventricular  form,  and  as  the  cases  in  which  these  venous 
and  arterial  signs  are  jiresent  together  have  been  published  in  abundance, 
the  conclusion  may  he  carried  a stage  further.  There  is  no  hesitation  in 
stating  that  in  the  vast  majority  of  cases  of  comjilete  irregularity  of 
the  heart,  auricular  fibrillation  is  res})onsihle  for  the  disturhance  of 
ventricular  rhythm.  It  is  sufficient  if  a single  stri])  of  curve  is  obtained  from 
the  radial  artery,  and  if  no  two  heats  on  the  strip  are  of  the  same  length 
(and  given,  of  course,  that  the  heart  rate  is  not  manifesting  a gradual 
acceleration  or  retardation  while  such  a strip  of  curve  is  recorded)  then  the 
statement  that  auricular  fibrillation  is  present  is  justified  in  all  but  extremely 


* Howlott*  - has  reported  a ease  w hieli  a as  very  possibly  of  the  same  nature. 
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exceptional  cases*.  It  may  be  affirmed  that  auricular  fibrillation  accounts 
for  the  largest  class  of  persistent  heart  irregularities  ; a class  which,  broadly 
speaking,  composes  50  ])er  cent,  of  all  such  irregularities.  And  in  dealing 
with  cases  of  mitral  stenosis  admitted  to  hosjjital  with  failing  compensation, 
it  may  be  said  that  the  ))resence  of  auricular  fibrillation  is  the  rule. 

In  discussing  the  (juestion  of  the  ])ossibility  of  auricular  fibrillation,  1 
have  been  frecjuently  met  by  an  argument  of  a purely  a priori  nature  ; and, 
judging  from  the  note  by  Rothberger  and  Winterberg,  these  observers 
appear  to  have  had  a similar  experience.  It  is  said  that  it  is  inconceivable 
that  the  heart  should  remain  in  this  state  for  long  ])eriods.  It  should  be 
known  that  Janowski-’’  recorded  a case  of  conii)lete  irregularity  of  5i  years’ 
duration,  and  Mackenzie  has  watched  similar  patients  for  even  double 
this  time.  In  re})ly  Rothberger  and  Winterberg  instance  the  persist- 
ence of  tremor  in  the  tongue  following  nerve  section,  and  I may 
draw  attention  to  the  veil-recognised  and  chronic  fibrillary  twitching 
of  the  voluntary  musculature  in  many  nervous  maladies'J*.  Fibrillation 
of  the  ventricle  it  is  true  is  accompanied  by  almost  instant  dissolution, 
but  fibrillation  in  this  chamber  brings  the  circulation  to  a prom})t 
standstill.  The  auricles  are  not  indispensable  to  the  circuit  of  blood 
in  the  body,  but  may  be  regarded  rather  as  tem})orary  reservoirs  which 
accommodate  the  blood  flowing  to  the  heart  while  the  ventricle  is  in  systole. 
The  large  veins  are  perfectly  capable  of  subserving  this  function,  and  the 
resulting  general  disturbance  of  the  circulation  is  but  slight.  We  have 
])erfcctly  definite  evidence  that  the  normal  auricular  contraction  is  in 
abeyance  in  a large  numix'r  of  patients  in  w hom  the  ])eri])heral  circulation  is 
unhindered,  and  auricular  fibrillation  may  last  for  many  hours  in  a dog 
and  yet  the  blood-flow  in  the  body  is  fair  throughout.  Therefore,  on 
the  ground  that  aui'icular  fibrillation  is  incompatible  with  a continued  cir- 
culation, this  argument  may  be  entirely  dismissed.  If  it  is  implied  that  the 
hindrance  would  occur,  not  in  the  auricle,  but  in  the  ventricle  in  virtue  of  the 
glade  of  disorder  of  the  rhythm,  it  may  be  replied  that  such  an  argument 
is  but  a denial  of  an  ascertained  fact.  4’hc  secret  of  the  lack  of  disturbance  as 


iho  only  oxLoption,  I tliiiiU,  is  (ho  raro  raso  of  gross  sinus  arrlixtlnniu,  independent  of 
res[)n-ation.  ‘ ^ 

t 1 l'|ul  lioi)ed  to  have  obtained  ilireet  o\  idenro  upon  tliis  aspect  of  t he  ciuestion,  lad  no  oppor- 
uni  las  presented  itselt.  I am  eon\  ineed  tliat  a similar  affeelion  is  found  in  the  lower  animals, 
an,  have  seen  one  exa.nple  of  it.  Examination  of  the  I, cart  in  vivo  was  not  praelieable  ; sooner 
ur  later,  it  is  hoped,  observations  in  this  direction  will  be  forthcomiim. 

WmHhVff  orth''^l7  through  the  kindness  of  Trofessor 

e.uu  L reel^W  ' otormary  follege.  in  which  electrocardiographic  curves  demonstrated 

an  absence  of  1>  variations.  The  horse  was  killed  and  the  chest 

Inserting  the  hand  into  t']'”^  I !t'°  damaged  during  this  operation. 

No  movement  could  bn  f i^  l>o  felt  to  beat  rapidly  and  irregularly, 

the  wound,  but  librillathm  ensuey^'n  ' c a'  gi'rtHpod  and  clrawn  through 

continued  (o  librillate  until  It  u amice  was  then  seen  in  a slate  of  librillation,  and  it 

.i..  ko  unrti’ri:::  ----- 
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a result  of  the  condition  per  se  seems  to  me  to  be  found  in  the  direction 
of  propagation  of  the  wave  of  contraction  in  the  ventricular  musculature. 
The  electric  records  testify  that  the  contraction  route  taken  is  the  normal 
route.  Strong  and  weak  contractions  may  be  mixed  together  in  profusion, 
but  all  the  beats  will  tend  to  be  effective  in  expelling  the  ventricular  contents, 
and  the  majority  of  the  beats  are  effective. 

Even  if  the  a priori  arguments  could  not  be  met,  the  evidence  for  the 
proposition  is  so  j)ositive  that  we  should  be  justified  in  setting  them  aside. 
A case  is  recorded  in  this  communication  {CASE  12),  in  which  incontro- 
vertible evidence  (arterial,  venous  and  electric)  is  at  hand  to  prove  the 
presence  of  the  fibrillation  ; and,  be  it  noted,  this  case  has  been  under 
observation,  and  has  presented  the  same  mechanism,  as  shown  by  arterial 
and  venous  curves,  for  a space  of  five  years. 


Auricular  fibrillation  and  heart-block  ; the  action  of  digitalis. 

It  is  by  no  means  uncommon  to  meet  with  clinical  cases  of  comj)letc 
irregularity  in  which  the  ventricular  action  is  not  excessive,  and  instances  are 
not  infrequent  in  which  the  rate  is  actually  reduced.  Moreover  it  is  well 
known  that  in  com])lete  irregularity  of  the  heart  retardation  of  the  ventricular 
rate  constitutes  one  of  the  most  characteristic  actions  of  drugs  of  the 
digitalis  group,  in  consideration  of  the  fact  that  the  sinus  rhythm  is  in 
abeyance  the  cause  of  the  slowing  must  be  sought  in  a })art  of  the  musculature 
other  than  that  at  which  the  ])ace-maker  is  situate. 

In  discussing  the  experimental  venous  curves, tluMjuestion  of  ventricular 
slowing  under  vagal  stimulation  received  attention,  and  facts  vere  brought 
forward  in  favour  of  the  contention  that  the  retardation  is  the  result  of  the 
blocking  of  fibrillation  im])ulses  at  the  A-A'  junction. 

Now  we  have  proofs  that  digitalis  acts  iqion  the  vagus  and  that  the 
vagus  has  a ])owerful  influence  upon  X-\  conduction.  Furtlu'r,  we  have 
very  suggestive  evidiuice  that  digitalis  may  act  direcfli/  u])on  the  junctional 
tissues  between  auricle  and  ventricle.  The  facts  upon  which  these  con- 
clusions are  based  have  been  recently  examined  in  a communication  to  the 
Quarterif/  Journal  oj  Medicine-^.  Their  relevance  to  the  ])henomenonol  ven- 
tricular slowing  in  clinical  fibrillation  should  be  obvious  ; it  may  be  surmised 
that  digitalis  slowing  is  produced  either  by  a direct  action  of  the  drug,  or  by 
an  indirect  action  through  the  vagus,  u])on  the  junctional  tissues.  \\  c may 
examine  the  remaining  evidence  which  su])ports  this  viev . 

We  know  that  in  rheumatic  heart  affection,  aiui  in  mitral  stenosis  in 
]iarticular,  it  is  common  to  find  signs  of  iinperfe(dion  oi  conduction  of  the 
contraction  wave  from  auricle  to  ventricle  (see  CASE  11  and  12),  and  we 
are  also  aware  that  in  such  cases  it  is  the  rule  that  the  exhibition  of  digitalis 
or  allied  drugs  enhances  the  grade  of  heart-block  (Mackenzie*''  and  otheis). 
We  know  further,  as  a result  of  Alackenzie’s  work,  that  of  cases  of  auiiculai 
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fibrillation  (“nodal  rhythm  “),  those  which  are  of  rhenmahc  origin  or  those 
in  Avhich  mitral  stenosis  is  present  are  most  snsceptilile  to  digitalis.  1'herefore 
the  suggestion  which  is  pul  forward  is  that  tlie  slowing  of  the  heart,  wlieii 
auricular  fibrillation  is  |)rcscul  and  digitalis  is  given,  is  due  to  an  increase 
of  a previously  existing  defect*  in  the  conduction  to  the  ventricle  ()f  those 
imi)ulses  which  arc  built  uj)  rapidly  and  irregularly  in  the  auricle.  We  reipiirc 
facts  from  two  sources  in  confirmation  of  this  view.  iMist,  (*.\p(*i imented  dat<i 
are  necessary,  and  at  prcs'cnt  these  are  not  forthcoming.  Secondly,  \\(' 
reipiire  more  e.xtensi\'('  obscu'x’at ions  which  will  show  ratluu'  than  suggest 
that,  in  those  cases  of  Hbrillation  in  which  digitalis  jiroduces  retardation, 
conduction  was  impaired  before  the  onset  of  the  new  rhythm.  Or,  more 
strictly  perhaps,  it  will  be  necessary  to  show  that  conduction  was  primarily 
impaired  in  a much  larger  percentage  of  cases  which  react  than  of  cases  which 
fail  to  react,  for  it  is  possible  that  fibrillation  may  be  the  forerunner  of  conduc- 
tivity changes  in  some  instances.  These  statistics  will  be  slow  in  coming,  but 
already  there  are  indications  in  harmony  with  the  })ro])osition.  It  is  the 
rheumatic  case  wdiich  usually  reacts,  and  it  is  the  rheumatic  case  which 
usually  show  s altered  conduction.  Again,  taking  the  cases  which  are  recorded 
in  this  paper,  three  of  the  ])atients  observed  before  the  onset  of  fibrillation, 
or  during  the  intervals  l)etween  ])aroxysm,  have  been  thoroughly  tested 
from  this  ])oint  of  view'.  Two  of  the  cases  {GASES  2 and  10),  u\  which  the 
a-c  or  P-R  intervals  were  of  normal  length  during  the  normal  sequence, 
failed  to  reactj-,  while  the  third,  a case  {CASE  11)  in  which  conductivity 
was  definitely  impaired,  reacted  in  the  most  typical  manner. 

We  have  seen  that  tw  o allied  ])henomena,  increased  heart-block  when  the 
A-V^  rhythm  is  i)resent  and  retardation  of  the  ventricular  rate  in  auricular 
fibrillation,  may  occur  as  a result  of  digitalis.  A similar  parallel  may  be 
drawn  between  heart-block  arising  in  the  absence  of  drug  administration  and 
the  spontaneous  slow'ing  which  notinfre(piently  occurs  incompleteirregularity. 
Moreover  cases  are  on  record  in  which  the  irregular  rhythm  is  slow  from  the 
outset.  A number  of  ])ationts  with  slow  and  irregular  heart  action  have  been 
collected  and  described  recently  by  Mackenzie'*’  under  the  term  “ nodal 
bradycardia,”  and  they  form  an  extremely  interesting  grouj).  The  examina- 
tion of  one  or  more  such  cases  with  a view  to  ascertaining  the  nature  of  the 
auriculai  action  became  crucial.  As  a result  it  has  been  found  that  auricular 
fibrillation  i.s  ])resent  in  the.se  instances  also  | the  two  cases  examined  may  be 
cited.  The  details  of  these  jiatients  are  most  instruetive,  but  they  ean  be 
alluded  to  but  briefly.  Roth  eases  belong  to  the  series  reported  by  Dr. 
Mackenzie,  and  I am  indebted  to  him  tor  the  opportunities  of  re-examining 

them.  Indler  clinical  reports  will  be  found  in  his  communication  to  this 
Journal  (p.  23). 


I lio  (IcUvt  may  l)i'  a |)<)t(>ii( iai  oiia  in  ('(Miaiii  iuslaiu'cs. 
I i-liyitulis  wan  udmiiiistcrod  until  sii'knoan  rosnltcd. 
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12. — Tlio  followiiip  is  nn  al)straf't  of  tlic  original  roport  ( Heart,  Vol.  T,  j).  2r>).—  W.  II.. 
a subject  of  rheiiniatic  fever,  was  known  to  liave  had  im|mirment  of  conduction  in  greater  or 
los.ser  degree  for  12  years.  He  then  suddenly  developed  slow  anil  irregular  action  of  the  heart 
and  demonstrated  the  ventricular  form  of  venous  pidse.  In  this  state  he  continued  a week,  at 
the  end  of  which  time  the  pulse  was  again  regidar  and  the  a-c  interval  was  0-4  sec.  in  length*. 
Se%’en  months  later  the  same  slow  and  irregular  action  of  the  heart  was  resumed  and  it  has 
persisted  until  the  present  time,  a period  of  five  years. 


A tracing  from  this  patient  is  given  in  Fig.  4 A.  On  the  day  upon  which 
he  came  for  re-examination  the  pulse  rate  was  411-68.  The  ])ulse  was 
absolutely  irregular,  the  venous  curve  being  of  the  ventricular  form.  There 
were  fibrillation  waves  in  the  curves.  In  Fig.  10  simultaneous  electro- 
cardiographic and  venous  curves  are  shown.  The  electrocardiographic 
record  is  characteristic  and  the  usual  oscillations  are  jtresent. 

There  can  be  no  (piestion  but  that  the  case  is  one  of  auricular  fibrillation. 
The  long-continued  history  of  heart-block  previous  to  the  onset  of  the 
irregularity  and  its  ])resence  during  a brief  interlude  strongly  sujiports  the 
view  that  the  slow  ventricular  rhythm  resulted  from  the  known  inefficiency 
of  the  junctional  tissues  which  transmit  the  irregular  imjmlses  formed  in  the 
auricle. 

CASE  13.  — M.  ]\I.,  ago  45  (extract  from  Heart,  Vol.  i,  p.  35). — “ Permanent  nodal  rli3'thm, 
bradvcardia  associated  with  mitral  stenosis.  Occasional  attacks  of  svncope  and  convulsions.” 


Recently  the  ca.se  has  been  fully  re-investigated,  and  a detailed  report 
of  it  will  be  found  in  the  contemporary  number  of  the  Quarterly  Journal 
of  Medicine.  The  main  facts  in  regard  to  the  patient  are  as  follows  : — Apart 
from  the  e])ileptic  seizures  the  pulse  rate  is  almost  constantly  ut  or  about 
30  per  minute.  This  is  the  rate  generally  assumed  by  the  ventricle  when  it  is 
entirely  dissociated  from  the  auricle.  As  in  comjilete  heart-block  the  ])ulse  is 
regular.  The  jiatient  has  synco))al  and  epilej)tic  attacks  in  every  way  similar 
to  those  met  with  in  the  subjects  of  com])lpte  heart-block.  Extrasystoles,  when 
they  occur,  are  followed  by  ])auses  etpial  to  the  spaces  between  adjacent 
beats  of  the  usual  slow  rhythm.  The  ])atient  has  had  .syphilis. 

Ih’iefly,  the  |)atient  ])resents  a ])icture  identical  with  that  of  complete 
heart-block,  as  usually  recognised,  in  every  respect  but  one.  There  are  no 
co-ordinate*  auriculai’  contractions.  The  venous  judsc  is  of  the  ventricular 
form  and  (‘lectroeardiograms  from  the  extremities  and  chest  wall  (Fig.  18 
and  exj)lanation)  afford  clear  (‘vidence  that  the  auricles  are  fibrillating. 

'I'he  conclusion  is  unavoidable  that  the  case  is  one  of  complete  heait- 
block  (the  result  of  syphilis)  and  auricular  fibrillation.  The  regularity  of  tl  c 
pulse  is  a natural  consequence  of  the  inability  of  the  auricular  in  pulses  If 
reach  the  ventricle.  Fredericq”  has  shown  experimentally  that  section  of  ll.( 
bundle,  while  the  auricle  is  fibrillating,  cuts  off  all  auricular  impulses. 

Dr.  (libson,  of  Edinburgh,  has  drawn  my  attention  to  a case,  of  con- 
siderable interest  in  this  connection,  which  he  reported  in  1606.  The  tracings 


* The  normal  a-f  interval  i.s  0-2  .sec.  or  slightly  less. 
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obtained  were  those  of  ineoinplete  heart-bloek  (tlie  anrienlar  rate  was  103 
and  the  ventricular  42).  On  one  occasion  there  was  a temporary  dis- 
ai^pearanee  of  the  anrienlar  venous  waves,  and  while  the  pulse  hecawe  com- 
pletely irregular,  though  still  phenomenally  slow,  faint  and  rapid  oscillations 
appeared  in  the  venous  curve.  (The  rate  of  the  oscillations  was  ai^])roxnnately 
375  per  minute,  as  shown  in  the  ])nblished  curve").  A ])ost-mortem  revealed 
an  inerea.se  in  the  (ibrons  tissue  of  the  bundle  with  wide  separation  of  the 
fibres  constituting  it*. 

1 think  there  can  l)e  no  reasonable  donbt  that  here  also  anrieidar  fibril- 
lation and  heart-block  were  ])resent  in  combination,  and  the  most  impoitant 
evidence  for  it  is  the  type  of  irregularit y which  the  pnlse  assumed  when  the 


regular  anrienlar  waves  vanished. 

Reviewing  the  three  preceding  eases  we  may  eonclnde  that  anrienlar 
fibrillation  occurs  clinically  in  association  with  heart-block,  either  partial  or 
complete.  The  case  for  a similar  mechanism  under  digitalis  is  strengthened. 
And  1 would  go  further  and  put  forward  the  general  hypothesis  that  when 
auricular  fibrillation  is  present  and  a slow  ventricidar  action  is  found,  what- 
ever its  cause,  a certain  degree  of  temporary  or  permanent  impairment  of 
the  functions  of  the  junctional  tissues  may  be  assumed. 

A tabulated  statement  of  the  suggested  or  proved  relationships  between 
heart-block  and  auricidar  fibrillation  may  be  given  in  summing  up  the 
conclusions  of  this  section. 


A-V  RHYTHM. 

AURICULAR  FIBRILLATION. 

Heart-  block. 

Digitalis  H.  B. 

Heart-block. 

Digitalis  H.  B. 

Lenrjthened 
a-c  interval 

lengthened 
a-c  interval 

spontaneou.s  slowing  of  irregular 
tachycardias 

ordinary  digitalis  slowing 

2 : 1 ; 3 : 1,  etc., 
heart  block 

2:1;  3 : 1.  etc., 
heart -block 
( Mackenzie’'’’) 

spontaneous  slowine;  of  marked 
grade,  and  cases  with  otuset 
of  very  .slow  and  irregular 
rhythm  (CASE  12  and 
(Hhson's  patient) 

marked  slowing  on  digitalis 
(Mackenzie^^) 

Complete  heart- 
block 

complete  heart- 
block^ 

auricular  fib.  and  complete 
heart-block  (CASE  13) 

digitalis  .slowing  with  the  pro- 
duction of  a regular  pulse  of 
30-40  per  minute  (“Heart," 
Vol.  I,  p.  39) 

* I may  add  thatDr.  Oi})a()n  writes  mo  that  it  occurred  to  liim  at  the  time  that  the  auricles 
inig  it  ia\o  jiassed  into  fibrillation.  A somewhat  similar  case  has  been  reported  by  Herxheimer 

and  Ko\x\  (DeutKh.  Archiv  f.  Klin.  Med.,  1910,  xcviiT,  3.30),  hut  the  facts,  I helieve,  have  been 
misconstrued. 


t t racings  from  a case  of  temporary  complete  heart-block  the  result  of  the  administration  of 
strophantlms  wore  shown  to  me  lately  by  Dr.  Emanuel  of  Birmingham, 
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The  cause  of  the  onset  and  duration  of  auricular  fibrillation, 

Tlie  primary  object  of  this  paper  is  to  establisli  the  fact  that  auricular 
fibrillation  is  a frefjuent  clinical  affection.  Once  established  our  duty  lies 
in  the  direction  of  .seeking  its  cause.  In  this  res]>e(!t  I am  unable  to  offer 
more  than  incom])lete  evidence,  and  the  views  cxju'cssed  are  at  ])resent  almost 
})urely  hypothetical. 

It  will  he  generally  allowed  that  fibrillation  consists  in  the  elaboration  of 
numerous  and  fresh  impulses  in  the  auricular  walls.  It  may  he  regarded  as  a 
state  in  which  stimuli  are  generated,  at  many  separate  and  uncertain  points 
and  the  ineo-ordination  of  the  contracting  fibres  may  be  held  to  result  from 
the  impact  of  contraction  waves  and  the  production  of  localised  areas  of 
block.  The  condition  may  be  comjiared  in  many  respc*cts  to  the  confusion 
of  uncontrolled  traffic  in  a crowded  thoroughfare.  In  .seeking  for  an  explana- 
tion of  the  origin  of  auricular  fibrillation  we  naturally  turn  to  our  knowledge 
of  the  caiLses  which  originate  new  im])ulses.  That,  at  the  present  time, 
is  the  most  important  problem  relating  to  cardiac  irregularities. 

Now  it  has  been  shown  that  an  increase  of  intracardiac  pressure  is 
succeeded  by  the  appearance  of  ectopic  impulses.  Hering’"*  employed  this 
method  in  his  studies  of  extrasystoles.  Auricular  fibrillation  is  specially 
prominent  in  cases  of  mitral  .stenosis  ; the  high  intra-auricular  pressure  in  this 
disease  might  be  considered  sufficient  to  account  for  its  occurrence.  I have 
observed  the  onset  of  auricular  fibrillation  in  ex]ieriment  on  several  occasions 
when,  by  jiressing  on  the  abdomen,  the  venous  inflow  was  suddenly  increased. 
But  the  difficulty  of  accepting  the  view  as  a general  hyjiothesis  is  obvious, 
for  auricular  fibrillation  occurs  in  many  eases  in  which  a raised  auricular 
tension  may  not  be  assumed. 

A purely  mechanical  doctrine  is  untenable.  The  cause  must  be  sought 
in  a more  detailed  study  of  the  morbid  anatomy,  and  attention  should  centre 
in  the  auricular  walls.  So  far  we  have  little  information.  Several  cases  of 
gross  irregularity  of  the  heart  were  investigated  by  Radasewsky”' some  years 
ago,  and  he  found  widespread  fibrosis  of  the  heart.  He  remarked  that  the 
damage  was  most  extensive  in  the  auricles.  Mackenzie^^  has  given  post- 
mortem notes  of  eight  cases  of  “ nodal  rhythm  ” : in  three  the  auricle  showed 
fibrosis,  in  two  rejiorts  it  was  not  mentioned,  in  one  not  examined,  in  one 
the  septum  was  “ stretched,”  in  one  atro])hied.  The  ventricle,  on  the  other 
hand,  showed  fibrosis  in  seven  instances  : in  one  it  is  not  mentioned  ; in  six 
of  the  cases  the  junctional  tissues  were  fibrosed  or  otherwise  damaged.  It 
is  obvious  from  the  accounts  that  the  node  of  Tawara  and  the  bundle 
received  more  attention  than  the  rest  of  the  heart.  fSchonberg’”  has  recently 
examined  five  hearts  from  patients  with  persistent  irregularity  : in  one  case 
venous  and  radial  curves  are  available^’,  and  from  his  clinical  accounts  the 
remainder  were  probably  of  the  same  nature,  namely,  coinjilete  irregulari- 
ties. He  found  a chronic  inflammatory  (lymphocytic)  infiltration  of  the 
tissues  at  the  junction  of  superior  cava  and  auricle  in  all,  He  asserts  that 
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this  was  tlie  cliief  lesion  ; but  here  again  itis  ol)viousthat  attention  lias  been 
eoncentrated  upon  a limited  portion  of  the  musculature.  Amongst  the  cases 
belonging  to  this  investigation  one  only  has  come  to  autojisy.  It  was  a case 
of  sti’eptococcic  endocarditis,  and  a large  area  of  ulceration  was  found 
on  the  seiital  wall  of  the  left  auricle.  I have  since  seen,  through  the  kindness 
of  Major-General  F.  Smith,  a case  of  irregularity  in  a horse.  The  irregularity 
was  complete,  as  shown  by  tracings,  and  a systolic  ])ulsation  was  ajijiarent 
in  the  veins  of  the  neck  and  reached  the  angle  of  the  jaw  while  the  animal 
was  standing.  Great  breathlessness  and  dro])sy  vere  ])resent.  The  dis- 
turbance of  the  heart’s  rhythm  was  of  eight  months’ duration.  An  examina- 
tion of  the  heart  showed  considerable  hy])ertro])hy  of  the  ventrieles  and 
auricles  ; it  was  esjiecially  marked  in  the  latter.  The  endocardium  of  the 
left  ventricle  and  auricle  was  oj)ac[ue  and  thickened  ; there  were  large  and 
scattered  patches  of  sub-])ericardial  fibrosis  in  the  left  auricle,  but  in  no 
other  part  of  the  musculature.  (The  histology  will  be  reported  at  a later  date.) 

It  is  possible  that  fibrosis,  by  interfering  evith  the  circulation  in  restricted 
areas  of  the  musculature,  sets  up  a state  of  irritability.  The  tendency  for 
anaemia  of  the  muscle  to  bring  about  new  ini])idse  formation  is  readily 
demonstrated  experimentally.  Ligation  of  a branch  of  a coronary  artery  is 
usually  followed  by  the  a])pearance  of  extrasystoles''"’.  Jlut  it  is  difficult  to 


suppose  a constant  state  of  anaemia  in  the  affected  tissues,  and  an  anaemia 
of  long  duration.  It  must  also  be  remembered  that  extensive  fibrosis  may 
occur  without  irregularity'b 

Some  light  seems  to  be  thrown  u])on  the  question  by  an  examination  of 
the  relation  of  fibrillation  to  extrasystoles. 

There  a])])ear  to  be  two  ty])es  of  case  of  the  ]iaroxysmal  affection.  A 
type  in  which  the  interludes  ai’e  characterised  by  a perfect  regularity  of  the 
heart  {CAS  h JO),  and  n type  in  which  the  regular  rhythm  of  the  slow 
period  is  interrupted  by  extrasystoles  {(\\SES  2 and  11). 

In  my  own  limited  experience  the  extrasystoles  which  interru])t  the  slow 
periods,  or  those  which  intei’inipt  the  normal  rhythm  ])rioi’  to  the  onset  of  the 
fibi illation,  have  been  auricular  in  origin  {( W S K S 2 ami  11).  rheir  ])i‘esence 
in  these  ])atients  and  in  certain  oi  those  rep<n'ted  by  -Mackenzie  arrests 
attention.  Me  cannot  divorce  the  j^roblems  of  tlu'  factors  influencing  the 
origin  of  single  and  multiple  ectopic  impulses,  neithei-  can  wt‘  separate  these 
(picstions  fi o;n  that  ot  the  origin  of  fibrillation.  The  production  of  a single 
new  impulse,  of  a series  of  im])ulses  from  a single  focus, or  of  multi})le  im])idses 
liom  scatteied  foci,  is  a juatter  of  degree.  Furthermore,  we  cannot  excvdj^ate 
vhese  single  ectopic  beats.  1 hey  apj)ear  to])artici))ate  in  producingtheultimate 
ciisis.  In  the  eases  obseiv^ed  they  have  been  very  numerous.  In  the  last 
number  of  this  Journal  a case  was  described  in  w Inch  auricular  extrasystoles 
wt  ic  as  nunu  ious  as  normal  beats,  and  in  this  patient  jiaroxysms  of  ectopic 
leats  w eic  seen,  which  also  arose  in  the  auricle.  On  one  oeeasion  while 
a paroxysm  was  in  ])rogress  the  auricle  ])assed  into  fibrillation  ; and  after 
1 s duration  for  about  half  a minute  the  auricular  })aroxysm  reappeared. 


ATI  RICTJ  L An  FI  BRI  LL  ATI  0 .Y. 


355 


A portion  of  the  curve,  is  reproduced  in  Fig.  9.  To  the  left  is  tlie  fibrillation 
])eriod,  and  to  the  right  are  a few  heats  of  the  paroxysm  for  comparison.  The 
original  curve  is  too  faint  for  jniblication,  hut  the  two  .sections  of  curve 
have  been  traced  by  a skilled  draughtsman  and  the  original  is  well  ])ortrayed. 
A stop  and  two  inches  of  curve  have  been  excised  at  the  jioint  where  the 
vertical  line  is  placed.  The  change  from  one  mechanism  to  the  other  was  not 
recorded. 


Fig.  9.  H.  B.  (12th  .Aug.  1909).  From  a ca.se  fully  recorded  in  tlie  la.st  number  of  this  Journal 
(page  2(52).  The  original  curve  ha.s  been  retraced,  and  two  inches  of  curve  have  been  excised. 
To  the  left  the  electrocard iogra])h  .shows  auricular  fibrillation.  To  the  right  is  a paroxysm 
of  regidar  tach}’cardia,  starting,  not  at  the  sinus,  but  in  the  auricidar  walls.  This  fact  is 
recogni.sed  because  the  auricular  \ ariations  are  absent  ii\  their  usual  form.  The  peaks  R of 
this  |)aroxysm  are  not  longer  than  those  of  the  ])receding  fibrillation  ])eriod,  yet  the,\’ 
were  always  longer  than  the  peaks  R of  the  normal  rhythm  when  the  two  could  be 
compared.  The  comparison  is  utilised  as  evidence  that  the  peaks  R of  fibrillation  are  higher 
than  those  of  the  normal  rhythm. 


Now'  in  the  case  of  regular  auricular  jtaroxysmal  tachycardia  Ihc  actual 
))aro.xysms  arc  usually  if  not  always  foreshadowed  by  the  occurrence  of 
single  or  multiple  ectojiic  beats  of  a different  kind.  This  has  been  observed 
invariably  in  the  paroxysms  of  two  cases  of  auricular  tachycardia  {Heart  I, 
p.  2(12  and  CASE  la,  with  Fig.  2(5  of  this  paper).  And  I have  advanced  the 
view  that  the  preliminary  Ixuits  stand  in  casual  nfiationshij)  to  the  paroxysn.s 
themselves.  If  single  (tr  midtiple  beats  arising  in  the  auricle  may  pre- 
dispose to  the  ))roduction  of  a ]taroxysm  of  regular  beats  also  arising 
in  the  auricle,  may  not  thc.s{‘  beats  also  account  in  part  for  the  on.set 
of  an  attack  of  fibrillation  ? 'Phe  (piestion  arises  as  to  whether  a beat 
arising  de  novo  in  a chamber  of  the  heart  and  pursuing  an  abnormal 
course  in  this  chamber  will  enhance  the  irritaltility  of  the  musculature 
in  the  immediate  neighbourhood.  Sup|)osing  that  two  or  more  extra- 
systoles  are  started  at  the  same  time  at  different  |)oints  in  the  muscidatur(‘ 
of  an  irritable  auricle,  are  not  those  factors  present  which  ar(‘  calculated  to 
produce  a condition  of  absolute  inco-ordination  ? 

The  evidence  is  at  present  only  suggestive ; long  p aroxysms  ot  rapidly 
recurring  beats  are  apj)arently  provoked  by  other  beats  of  a similar  nature, 
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but  springing  from  a separate  focus  ( CASE  15).  The  suspicion  is  awakened 
that  an  extrasystole  enhances  tlie  irritability  of  the  tissues  affected,  and 
that  their  presence  in  numbers  may  predispose  to  if  not  actually  determine  the 
culminating  inco-ordination.  Furthermore,  it  is  jmssible  that  fil)rdlation, 
when  once  produced  under  suitable  circumstances,  inay  itself  maintain  the 
increased  irritability,  and  thercl)y  tend  to  the  continuation  of  the  inco- 
ordinate state.  Wllether  this  is  so  or  not  should  be  determinal)le  experi- 
mentally, and  there  are  already  facts  which  supjmrt  an  answer  in  the 
affirmative.* 

Fibrillation  is  readily  produced  by  faradisation,  but  after  a short  period 
of  faradisation  the  return  to  the  normal  rhythm  is  almost  immediate.  If 
the  muscle  is  stimulated  periodically  and  paroxysms  of  fibrillation  result, 
it  is  common  to  find  that  each  successive  stimulation  gives  a more  permanent 


result,  that  is  to  say,  a result  outlasting  more  and  more  the  actual  stimulation, 
and  often  a final  stimulation  will  produce  a long  continued  state  of  inco- 
ordination. Moreover,  the  longer  ])aroxysms  seem  to  be  less  under  inhibitory 
control.  Thus  it  may  be  held  that  the  fibrillation  itself  aggravates  the 
irritability  of  the  auricular  tissue.  It  is  perhaps  a factor  of  this  nature  which 
accounts,  partially  at  all  events,  for  long  continued  auricular  inco-ordination 
in  patients  who  are  affected  with  it. 


Auricular  fibrillation  and  ventricular  extrasystoles. 

Radasewsky  found  diffuse  areas  of  fibrosis,  not  only  in  the  auricle,  but 
also  in  the  ventricle,  in  cases  dying  with  gross  heart  irregularity.  Mackenzie 
reported  similar  changes  in  “ nodal  rhythm.”  Dr.  Koch,  of  Freiburg,  tells 
me  that  in  cases  of  complete  or  “ chronic  ” irregularity  his  experience  is 
similar.  We  should  therefore  anticipate  that  in  diffuse  fibrosis  impulse  for- 
mation would  be  frequent  in  the  ventricle.  This  is  actually  found  to  be  the 
case.  In  the  intervals  between  paroxysmal  attacks  or  before  the  onset  of 
permanent  irregularity,  ventricular  extrasystolesf  have  been  recorded  by 
Mackenzie.  But,  as  opposed  to  the  possibilities  in  the  auricle  there  is  no 
reason  why  co-ordinate  ventricular  responses  to  such  impulses  should  not 
occur  when  the  fibrillation  is  established.  They  are  not  infrequent.  An 
exam])le  has  beqn  recorded  by  Hering’”,  and  in  the  })resent  series  of  thirty 
cases  examined  electrocardiogra])hically,  they  were  exhibited  by  seven.  They 
are  recognised  mainly  by  the  electrical  variations  to  which  they  give  rise, 
and  by  the  fact  that  they  do  not  affect  the  arterial  pressure  in  the  same 
measure  as  do  the  ventricular  beats  which  result  from  auricular  impulses. 

* It  would  bo  of  interest  to  know  whether,  in  cases  in  which  extrasystoles  are  frequent  while  the 
l)ulse  is  slow,  the  pcriofls  of  irregular  tachycardia  are  of  longer  or  shorter  duration  than  in  those 
))aticnts  in  whom  the  slow  jail.se  is  uninterrupted  in  its  regularit}'. 

f Analogy  would  suggest  the  occurrence  of  ventricular  fibrillation  also.  Unexpected  death  in 
jiaticnts  with  fihrotic  hearts  is  a well  recognised  fact,  and  it  is  not  uncommon  in  patients  ^vith 
auricular  tihrillatioir  (CASE  4). 
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A iiotahlo  oxamplo  is  sliown  in  Fig.  24.  The  responses  to  auriele  are  denoted 
in  the  usual  way,  the  first  variation  is  marked  R.  The  remaining  heats  are 
ventricular  extrasystoles  without  exception  ; (the  extrasystoles  are  marked 
p]  and  the  variations  are  distinguished  by  letters  and  figures  indicating 
direction  and  order,  thus  yi\  signifies  first  base  negative  variation).  In  the 
figure  none  produce  an  effect  upon  arterial  pressure.  Auricular  extrasytoles 
may  he  ])laced  out  of  court*  while  the  auricle  is  fihrillaling,  and  this  is  clearly 
demonstrated  by  the  general  character  of  the*  remaimhu-  of  the  curv(‘  and 
the  occurrence  of  oscillations  / /. 

Considering  the  variations  ])resented  by  the  unusual  type  of  heats  alone, 
they  correspond  in  outline  to  those  obtained  hv  stimulation  of  various  areas 
of  the  ventricular  musculature. f 

Such  extrasystoles  are  seen  most  commonly  when  the  ventricular  rate 
is  relatively  slow. 

Now  when  digitalis  is  administered  in  large  doses  to  ])atients  who  are 
suffering  from  cojnplete  irregularity  of  the  heart,  a bigeminal  action  of  the 
ventricle  is  often  observed  when  the  retardation  is  marked.  The  ])ulse  still 
pre.sents  irregularity,  hut  it  may  hap])en  that  the  shorter  pauses  of  the 
bigeminy  are  of  almost  or  quite  constant  length.  This  constancj"  of  length 
is  ex])lained  if  we  assume  that  the  second  or  weaker  beat  of  the  bigemin^'^  is 
a response  to  a ventricular  impulse  and  is  independent  of  auricular  impulses. f 
An  opportunity  of  putting  the  matter  to  the  direct  or  galvanometric  test  has 
not  occurred. § The  same  type  of  irregular  “ bigeminy  ” is  met  with  a])art 
from  digitalis  administration,  and  an  example  of  it  is  shown  in  Fig.  4 C. 

Certain  conditions  differentiated. 

Cases  in  irliich  the  ventricular  form  of  venous  pulse  occurs,  hut  in  irhirh  either 
auricular  fibrillation  is  absent  or  in  u'hich  the  evidence  is  insufficient  to 
justify  ns  in  nssuminq  its  presence. 

The  eonclusion  has  been  formed  that  of  cases  manifesting  a ventricular 
form  of  venous  pulse  those  which  show  complete  irregularity  of  the  heart 
belong  to  a single  group,  that  of  auricular  fibrillation.  It  has  also  been 

* It  must  l)e  noted  that  abnormal  ventricular  variations  may  occur  in  heats  arising  as  a result 
of  auricular  impulses'* * §  ''  hut  tlio  remaining  arguments  and  ohaervations  prf)hihit  sucli  a 6U])j>o8ition 
in  this  instance. 

f Two  tyixjs  have  been  figured  hy  Kraus  and  Nicolai**’  and  have  been  allocated  to  right  and  left 
ventricle.  13ut  I may  state  as  a result  of  observations  as  yet  unpublished  that  no  two  points  of 
stimulation  give  precisely  the  same  picture,  tliat  a practically  constant  tyix'  is  given  from  any  single 
focus  of  stimulation,  and  that  such  type  may  lx>  held  within  certain  limits  ivs  characteristic  of  tlie 
focus  or  area  in  wliicli  it  arises. 

J The  constancy  of  the  short  j)au8e  will  receive  the  same  explanation  as  that  a<lopted  in  other 
cases  of  accurate  coupling  arising  as  a result  of  ventricular  extrasystoles. 

§ Electrocardiograms  have  since  been  obtained  from  two  patients  exhibiting  the  coupling  in 

question.  In  each  instance  the  second  or  smaller  beat  yielded  an  anomalous  electric  complex. 
The  explanation  of  the  coupling  adopted  in  the  text  is  therefore  demonstrated  as  the  correct  one. 
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demonstrated  that  aiirieidar  inco-ordination  may  he  ])resent,  and  yet  the 
pulse  regular.  But  there  are  at  least  two  tyi)es  of  ease  in  which,  whde  there 
is  no  venous  sign  of  auricular  contraction  and  the  ))ulse  is  regulai,  aiuiculai 
inco-ordination  is  certainly  or  jjrohably  absent.  Such  being  tbe  case,  an 
opinion  that  auricular  fibrillation  exists  is  not  justified,  where  the  pulse  is 
regular,  in  the  absence  of  electrocardiogra})hic  records. 

The  first  type  is  that  in  which  the  pulse  rate  is  usually  of  normal  or  but 
slightly  increased  rate,  ddie  patients  are  not  infiecjuently  encountered,  and 
offer  signs  of  dilatation  of  the  right  heart  with  considerable  distension  of  the 
veins.  An  example  of  a ]mlygra])h  tracing  is  shown  in  Fig.  10, 


Fiji.  10.  Tlip  \ontric'ulai’  form  of  venous  ]uilse  in  a pationt  with  regular  aetion  of  the  heart. 

.Auricular  fihrillation  was  not  present  {CASE  14). 


CAS  E 14. — F.  W.,  a girl  aged  1 2,  had  .sufTered  from  three  attacks  of  rheumatic  fever,  and  there 
was  a clear  liistory  of  peric-arditis.  'the  sympton\s  consisted  of  sc\'ere  shortness  of  lacath.  cough 
and  |)ain  in  the  chest  and  u))per  ahdoiuen.  On  examination  the  veins  were  seen  to  Ix'  gnuitly 
distended  and  th('  tension  in  tlaun  was  increased.  'I'lu'  pulse  was  regular  and  “ watei-  hammer 
in  character,  capillary  pulsation  was  |)r('sent.  'The  li\er  was  ('nlargml  and  ))ulsatil('.  di'opsy  of  th(> 
feet  and  ascites  were  found.  'l’h(>  right  limit  of  cardiac  duhu'.ss  was  2 inches  and  the  left  0 inches 
from  the  michsternal  line.  I’herc  was  definite  post -sternal  dulness  on  a le\'el  with  the  second 
and  third  rihs.  'I'h(>  lungs  faiU'd  to  cover  the  heart  during  deej)  ins))iration  and  the  heart’s  apt'x 
was  fixed.  ,\n  early  diastolic  murmur  was  a\idihle  o\’<'i'  the  grc'ater  part  of  the  precordium.  being 
maximal  at  the  aoitic  cartilagf'.  An  occasional  faint  presystolio  murmur  ami  a constant  systolic 
murmur  were  heard  at  the  apex. 


Aortic  regurgitation,  mitriil  stenosis  and  |)leuro-i)eriear(lial  itdlu'sions, 
])robably  extending  to  the  tuediastinum,  were  diagnosed.  The  ])ulse  was 
invariably  regular,  the  jugular  curves  failed  at  almost  all  times  to  show  any 
trace  of  jtresytolic  elevation.  In  the  tracing  givtm  (Fig.  10)  a very  faint 
trace  of  a wave  is  visible,  but  it  was  never  more  marked  than  here  (h'pieted, 
iind  usually  eould  not  be  obtained.  The  electrocardiogram  demonst rattal  a 
clear  F variation  (Fig.  25).  Tlu'  cti.se  is  an  ('xamph'  of  the  ventricular 
form  of  venous  pulse  aceom|)anying  the  normal  secpiential  chand)er  con- 
traction. (Similar  eases  have  been  reported  by  llering"’  and  Hewlett-'.) 
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'I’he  secoiul  type  of  case  is  that  of  a not  uncoininon  form  of  paroxysmal 
tachycardia.*  1 have  met  with  three  cases  of  a similar  if  not  identical 
natuie  during  the  last  six  months.  In  one  case  mitral  stenosis  was  found  ; 
in  the  other  two  no  physical  signs  weie  apj)arent  in  the  heart  exc(‘pt  during 
the  paioxysms.  'I'he  paroxysms  were  associated  in  the  last  two  cases  with 
slight  hut  progi-essive  dilatation,  and  the  throbbing  in  the  veins  of  the 
neck  was  sufficiently  forcible  to  suggest  arterial  ])ulsation.  Tracings 
are  given  from  one  of  these  patients  in  Fig.  1 \<(  and  h.  Fig.  I lu  w as  obtained 
l)et  ween  two  paroxysms  ; Fig.  1 15  during  a j)aroxysm.  In  the  first  curve  the 
venous  [)ulse  is  of  the  auricular  and  in  the  sect)nd  of  the  ventricular  form. 
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Fi;r.  I l«  iwitl  h.  'two  |M)lygra|)li  tracings  11(1111  a |)atieiif  «itli  paroxysmal  taclucarclia.  'I’laciiig  a 
i.s  normal.  Tracing  h shows  the  venous  pulsc>  to  he  of  the  \ ('ntrieular  form  while  the  paro.xysm 
is  in  progress.  The  putse  is  regular  in  both  curves. 


Ill  both  curves  the  arterial  pulse  is  regular,  the  respective  rates  are  !)2  and 
147.  In  the  absence  of  electrocardiographic  curves  it  is  impossible  to 
ascertain  the  nature  of  the  mechanism.  It  may  be  of  a kind  suggested  by 
Wenckebach”'*,  for  it  is  possible  that  with  an  increased  As-\'s  interval  the 
auricular  contraction  falls  back  on  the  preceding  ventricular  systole.  In  the 
case  of  mitral  stenosis,  previously  referred  to,  this  explanation  w ould  suffice, 
for  a prolongation  of  the  a-c  and  F-R  intervals  was  present  while  the  pulse 

* tvrtain  regular  i)aroxysms  actx)ni])auiecl  hy  tho  ventricular  form  of  venous  pulse  and 
descrihed  by  Mackenzie'’''  and  Hewlett'- may  bo  included  in  this  group. 
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way  slow.  In  tliG  patient  from  whom  the  figured,  tiacings  A\ere  taken  no 
impairment  of  conductivity  was  ever  noticed  and  the  increase  of  rate  was  not 
great.  We  may  perhaps  be  dealing  Avith  ])aroxysms  starting  in  the  ventricle. 

The  ])oint  of  importance  at  ])resent  is  the  fact  that  interj)retations 
other  than  auricular  fibrillation  suggest  themselves,  and  that  while  the 
pulse  is  fast,  but  regular,  the  latter  may  be  rationally  excluded. 


True  “ nodal  rhythm  ” is  a rare  affection  and  gives  riseto  a clinical  picture  entirely 
at  variance  ivith  that  of  the  disorderly  action  of  the  heart  hitherto  considered. 

In  the  preceding  pages  it  has  been  demonstrated  that  the  condition 
w'hich  has  hitherto  passed  in  this  country  under  the  name  of  “ nodal 
rhythm  ” is  in  reality  due  to  an  inco-ordinate  action  of  the  auricle  known 
to  experimentalists  as  auricular  fibrillation.  In  the  discussion  based  on 
purely  clinical  data  it  was  stated  that  it  could  be  shown  that  auricle  and 
ventricle  are  not  contracting  together.  There  are  many  reasons  wdiich 
militate  against  the  acceptance  of  the  view  of  synchronous  contraction  of 
the  two  chambers  in  complete  irregularity  of  the  heart.  These  reasons  I 
do  not  propose  to  consider,  for  they  will  readily  suggest  themselves  as  a 
result  of  the  observations  wdiich  have  been  discussed.  At  the  same  time  I 
desire  to  place  on  record,  for  purjioses  of  contrast,  a single  and  fully  con- 
sidered instance  of  wdiat  I regard  as  a case  approaching  as  nearly  as  possible 
to  what  may  be  termed,  in  the  j)resent  state  of  our  knowledge,  true  nodal 
rhythm.*  It  will  be  shown  that  a rhytlim  may  be  generated  in  the  auricle 
near  to  or  at  its  junction  with  the  ventricle,  and  that  the  clinical  ])icturc  to 
wliicli  it  gives  ri.se  is  strikingly  at  variance  w ith  that  w hich  is  presented 
by  com])lete  irregularity  of  the  heart. 

ddie  folloAving  case  is  the  only  om^  of  its  kind  whiidi  I have  met  with 
})ersoMally,  and  so  far  as  I am  aware  only  one  ])atient  showing  signs  of  a 
similar  though  not  identical  nature  has  been  so  far  recorded.  The  ease 
referred  to  is  that  r('])ort('d  l)y  Jlihl’'  ; the  descri])tion  of  the  ease  is  meagre, 
but  the  venous  curies  sliow  a eondition  of  ])aroxysmal  tachyeardia  and 
ap})ear  to  substantiate  tiu'  author’s  conelusion  that  during  the  ])aroxysms 
auriide  and  ventricle  contracted  simultaneously.  The  eondition  is  therefore 
a very  infre(]uent  one. 

The  ])atient,  a report  of  whosi*  eondition  is  now  givcui,  has  been  under 
continuous  observation  for  maii}'^  months,  and,  of  the  numerous  ob.servations 
wliieh  liave  been  made  upon  him,  attention  will  be  c-hielly  direeted  to  those 
which  directly  affect  the  general  conclusions  of  the  ])resent  communic/ition. 


* I ho  term  atrio  ventricular  rhythm  would  perhaps  be  more  consistent  with  our  present 
knowlodpe  ; for  while  we  may  state  with  a fair  degree  of  ])rohahility  that  such  rhythms 
originate  ill  t ho  junctional  tissues,  their  accurate  location  in  the  node  is  not  possible  at  the 
present  time. 
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CASE  15. — H.  M.,  a labourer,  aged  01,  came  to  the  out-patient  dejiartment  at  the  City  of 
London  Hospital  on  4th  October,  1909,  coniplainiiig  of  pain  in  the  left  side  of  the  cliost,  shortness 
of  breath  and  palpitation. 

Past  illnesses. — As  a child  he  contracted  measles  ; twelve  years  ago  lie  states  that  ho  had 
“ hlood-])oisoning  ” as  a result  of  drain  work  (with  fever,  headache  and  vomiting).  Ho  was  laid 
up  for  nine  weeks.  Five  years  ago  he  had  rheumatic  fever,  but  has  not  suflFerod  from  a return 
of  this  affection. 

Present  illness. — His  symptoms  date  from  March,  1909,  when  he  was  ill  for  three  weeks  with 
pain  in  the  u[)per  j)art  of  the  stomach,  loss  of  appetite,  and  vomiting.  The  vomit  was  white 
and  contained  slime  ; occasional  clots  of  blood  were  ejected  and  the  motions  were  black.  The  pain 
has  continued  in  a less  aggravated  form  but  the  vomiting  has  ceased.  Discomfort  in  the 
epigastrium  is  experienced,  amounting  at  times  to  actual  ])ain  of  a lancinating  character.  The 
apj)etite  is  poor  and  the  bowels  are  confined.  Shortness  of  breath  has  been  present  throughout, 
and  is  especially  prominent  upon  moderate  or  se\ero  exertion.  He  sufferes  from  a sense  <^f 
exhaustion,  chiefly  experienced  in  the  logs.  There  is  often  a beating  in  the  chest,  more  ])ar- 
ticularly  when  in  the  ui)right  jK)sture  and  after  exercise.  It  has  been  absent  at  night,  and  is  in 
abeyance  while  he  is  resting,  but  even  when  recumbent  ho  has  felt  it  at  times.  While  standing 
ho  often  becomes  guUly  and  shaky  in  the  limbs.  He  is  losing  weight. 

Condition  (4th  October,  1909). — A poorly  nourished,  ana'inic  sul)ject,  who  carries  his 
years  indifferently.  There  is  general  arterial  disease  ; the  arteries  of  the  arms  are  conspicuous 
throughout  the  major  part  of  their  c-ourse.  Systolic  blood-pressure  ranges  from  1 10  to  150  mnu  Hg.. 
There  are  no  signs  of  jfleuro-jiericardial  adhesions  or  aneurism.  The  pulse  is  of  the  Corrigan 
type  and  ca])illary  pulsation  is  present.  The  right  limit  of  cardiac  dulness  is  1 inch  and  the 
left  4i  inches  from  the  middle  line.  There  is  a systolic  murmur  at  the  aix'x  beat,  which  is  forcible, 
and  the  murmur  is  well  conducted  to  the  axilla  anil  left  scapula.  The  second  souiul  is  normal  at 
the  afiex.  At  the  aortic  cartilage  there  is  a faint  but  definite  early  diastolic  murmur.  There  are 
no  physical  signs  pointing  to  gross  lesion  of  the  stomach. 


The  chief  feature  of  the  ease  is  an  irregularity  of  tlie  lieart,  w liieh  consists 
of  occasional  or  frcfjuent  extrasystoles,  and  of  short  paroxysms  of  tachycardia. 
The  interrti])tions  of  the  otherwise  regular  rhythm  are  always  ])resent  in  some 
degree  ; they  are  usually  fre(|uent  when  the  ])atient  stands,  hut  much  less 
frequent  while  he  is  reclining.  If  examined  in  the  standing  posture  the  short 
paroxysms  are  always  found,  if  laid  on  his  hack  they  ])rom])tly  disappear, 
and  for  several  hours  the  irregularities  may  he  absent.  Mut  if  at  any  time 
he  stands  again  there  is  a return  of  the  ileeting  ])eriods  of  tachycardia. 
Change  of  posture  has  been  fre({uently  ascertained  to  he  almost  invariable 
in  its  effects.  The  ])aroxysms  do  not  occur  in  the  sitting  posture,  and 
therefore  cannot  he  ascribed  to  the  action  of  gravity  u])on  the  heart.  They 
arc  not  present  after  or  during  exertion,  or  long  ])eriods  of  suspended 
res])iration,  in  the  recumbent  ])osture.  The  postural  observations  have 
recently  been  extended  by  ])r.  Marris  of  St.  CJeorge’s  l[osj)ital.  He  finds 
that  there  is  a critical  angle,  during  the  change  from  liorizontal  to  vautical 
lie,  at  which  the  ecto])ic  beats  a])])car.  He  has  further  obscrvc<l  that  a tight 
abdominal  binder  abolishes  the  irregularity  which  prevails  in  the  cn'ct 
posture.  Venous  filling,  or  more  })roperly  the  lack  of  it,  therefore  api)ears 
to  be  an  im])ortant  contributory  factor  in  the  production  of  the  abnormal 
mechanism. 

The  reaction  of  the  heart  to  posture  has  necessarily  resulted  in  difficulty 
in  obtaining  venous  curves.  The  paroxysmal  venous  curves  have  been  won 


.162 


Th.  LEWIS. 


oil  tlirt'c  occcisioiis  oiilv.  It'  luis  cilso  roiiclt^iod  tlio  siiiiultcinBOUiS  rccoifl  of 
venous  and  electrocarciiograpliic  curves  impossible  ; tlie  electrocardiograms 
\\ere  taken  with  the  patient  standing.  The  jiaroxysms  and  single  inter- 
rii|)tions  are  immediati'ly  ri'cognised  by  the  patient  when  they  occni. 

d’he  pulse,  when  regular  between  the  jiaroxysms,  is  usually  slow,  its  rate 
varies  between  .‘{7*  and  70  per  minute.  At  times  there  is  a certain  degree 
of  sinus  arrhythmia.  The  extra  or  eetojiie  beats  which  interrupt  the 
normal  rhythm  are  of  varied  form,  but  most  of  them  conform  to  the  recognised 
pictures  of  auricular  and  “ nodal  ” extrasystoles,  w hen  examined  in  the 
venous  curves.  The  electrocardiogra])hic  tracings  show  at  least  tour 
varieties,  but  as  their  nature  is  not  entirely  clear  further  reference  to  them 
will  be  postponed.  More  frequently  than  otherwise  they  differ  from  the 
beats  of  the  paroxysm  itself.  In  this  respect  they  resemble  the  single 
interruptions  met  wdth  in  other  cases  of  paroxysmal  tachycardia. 

The  paroxysms  consist  of  a series  of  regularly  jilaced  beats  (there  is  some 
general  diminution  of  rate  as  the  individual  attack  proceeds),  and  the  rate 
lies  between  135  and  160  per  minute.  Alternation  is  very  frequent,  and  in 
simultaneous  electrocardiographic  and  radial  curves  the  small  beat  in  one 
may  correspond  to  the  large  beat  in  the  other,  or  vice  versa.  The  onset  of 
the  tachycardia  is  marked  by  the  occurrence  of  several  anomalous  beats 
wdiich  do  not  properly  belong  to  it.  In  the  radial  curves  (Figs.  27-28)  they 
are  differentiated  by  the  low  level  which  they  occupy  in  the  curve,  and  by 
their  relative  insignificance.  Venous  curves  (Fig.  27,  second  paroxysm) 
may  point  to  their  having  a higher  originf  than  the  beats  of  the  paroxysm 
proper.  The  high  level  of  origin  is  also  borne  out  b}^  the  electrocardiographic 
curves  (Fig.  26),  as  will  be  seen  later. 

The  contractions  of  the  heart  during  the  ])aroxysm  proper  yield  venous 
curves  wdiich  consist  of  high  ])eaked  waves,  similar  to  those  seen  when 
auricle  and  ventricle  are  known  to  contract  together  (e.g.,  in  comjilete 
heart-block  and  in  cases  of  single  ventricular  extrasystole).  The  points  at 
which  a and  c are  estimated  as  due  do  not  fall  absolutely  together,  but 
they  are  nearer  together  than  is  the  case  with  certain  of  the  premonitory 
beats.  The  length  of  the  interval  is  generally  0-06  sec.,  the  a-c  interval  of 
the  normal  rhythm  is  0-2  sec..  (The  ])resphygmic  interval  for  normal  and 
jiaroxysmal  beats  is  the  same  on  the  arterial  side).  The  venous  curves 
definitely  indicate  that  auricle  and  ventricle  are  in  simultaneous  contraction. 
Yet  the  auricular  contraction  commences  at  a slightly  earlier  time  than  does 
that  of  the  ventricle.  The  interval  is  too  short  to  ))ermit  of  the  conclusion 
that  ventricle  is  res])onding  to  auricle,  but,  on  the  contrary,  it  may  be  su])posed 
that  the  two  chambei’s  arc  contracting  in  response  to  a common  source  of 
impulse  toimation.  It  may  be  argued,  from  the  evidence,  that  this  common 
focus  lies  nearer  to  the  auricle  than  to  the  ventricle.  In  other  words,  the 


* 'I'liis  low  raU)  occorrod  during  sinus  arrhyUiinia.  Tho  usual  rak)  is  50-54. 
"i  The  higher  the  origin  the  greater  is  the  a-c  interval. 
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facts  suggest  that  the  impulses  are  derived  from  the  luughhourliood  of,  or 
actually  arise  iu,  the  node  of  Tawara  (the  junction  of  auricle  and  hiindle). 

The  relationship  of  the  auricular  and  ventricidar  systoles  is  borne  out  h}' 
the  electrocardiogra])hic  curves.  Comparing  the  beats  of  ])arox3'sm  and 
normal  rhythm  in  Fig.  2(),  the  essential  difference  between  them  lies  in  the 
shape  of  the  variation  which  directly  ])recedes  H (the  first  event  of  the 
ventricular  cycle);  in  the  normal  curve  this  variation  P is  recognised  from  its 
presystolic  situation  to  he  the  result  of  auricular  systole.  In  the  ])aroxysmal 
heat  a variation  of  similar  extent  is  observed,  hut  it  is  directed  downwards 
instead  of  upwards.  The  com])lete  inversion  of  P during  the  ])aroxysm 
very  strongly  suggests  that  the  wave  of  contraction  in  the  auricular  walls 
has  travelled  in  a direction  the  reverse  of  the  normal.  In  ])revious  com- 
munications I have  already  referred  to  the  importance  of  these  abnormal 
P w aves,  and  to  their  significance  as  indicating  an  alteration  of  direction  of 
beat  and  therefore  a dislocation  of  the  site  of  impulse  formation  upon  which 
they  are  dependent.  In  the  present  instance  it  may  be  concluded  that 
instead  of  passing  from  above  downwards  the  wave  of  contraction  has 
travelled  from  below  upwards*.  The  interval  P-R  in  the  normal  beat  is 
0-14  sec.  and  in  the  abnormal  or  paroxysmal  beat  it  is  0-08  sec..  The 
difference  between  the  two  is  less  than  would  be  anticipated  from  the  venous 
curves,  but  both  the  nature  of  the  abnormal  P variation  and  the  closing  up 
of  the  P-R  interval  confirm  the  previous  conclusion  drawn  from  ])olygraph 
curves,  namely,  that  the  contraction  of  both  auricle  and,  ventricle  is  derived 
from  a single  impulse  generated  between  auricle  and  ventricle,  but  rather 
nearer  to  the  former  than  to  the  latter. 

A fortunate  experimental  observation  has  placed  both  the  measurements 
and  the  interpretation  upon  a satisfactory  footing.  In  the  figures  so  far 
discussed  we  have  no  simultaneous  venous  and  electric  curves,  and  the 
absence  of  such  curves,  curves  which  would  have  ])roved  of  value,  is  the 
necessary  outcome  of  the  postural  changes  of  rhythm  found  in  the  patient. 
But  the  curv'cs  actually  shown  were  taken  within  an  hour  of  each  other,  and 
one  may  be  read  into  the  other.  The  experimental  observation,  to  which 
we  may  now  refer  in  detail  is  of  ])articular  value,  not  only  because  the 
electrocardiogra])hic  curves  are  identical  with  those  already  shown,  but 
because  in  this  instance  we  have  simultaneous  curves  from  auricle  and 
ventricle,  taken  directly  from  the  heart  wall  by  means  of  myocardiograi)hic 
levers.  Fig.  2!>  consists  of  ventricular,  auricular  and  electrocardiogra])hic 
curves.  It  is  an  exam])le  of  fibrillation  of  the  auricle,  and  its  offset  and  return 
to  the  normal  rhythm  (of  which  one  beat,  the  last,  is  show  n).  I he  first  ])art 
of  the  curve  has  l)een  discussed  in  an  earlier  section.  Attention  is  now 
directed  to  the  last  four  beats  (R'^  and  R"’).  The  portions  of  the  ventricular 


* In  apeakincr  of  np  and  down,  1 uso  the  terms  in  the  inor|)liological,  and  not  neee.s.sanly  in  Uie 
anatomic,  sense  ; for  we  are  as  yet  unaware  of  the  direction  of  the  anatomic  pathway  of  contraction 

in  the  auricle. 
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arc  alike  in  the  four  instances,  and  consist  of 
11  and  4'  variations.  It  is  in  the  )>resy!=^tolie  event  that  tlie  notal)le  variation 
oe.cnrs.  Pi'(iO(Mlin^  the  ventricmlar  eonti’aetions  H ■ and  .14  , the  \v<i\es  1 
(P-*^  and  P-')  stand  in  marked  contrast  to  the  normal  auricular  variation 
(I>^’'*)  of  the  normal  heat  44iey  are  completely  inverted*.  In  the  case 

of  beat  15  a transition  foian  is  seen  and  scarce  a trace  of  P remains  (P”). 
The  explanation  is  to  he  sought  in  the  accompanying  myoeardiograms. 
'rhe  As- Vs  intervals  are  marked  hy  the  vertical  lines  and  stand  at  O-t.l, 
■043,  •()()(>,  and  -nss  respectively.  (4'he  intervals  have  been  measured  and 
marked  upon  a greatly  enlarged  and  photographic  reju'oduc-tioti  ot  the 
original  curve.)  (The  commencement  of  the  ventricular  u])stroke  is  not 
ahvavs  fis  well  delined  as  it  might  he,  hut  the  eoi‘i'(‘cdness  ol  its  ])osition  as 
marked  may  be  readily  checked  by  reference  to  the  first  notch  of  the  plateau 
and  to  the  peaks  R.)  The  widening  of  the  As-Vs  interval  occurs  in  two 
stages,  and  can  he  seen  without  measurement  hy  glancing  at  the  relative 
j)Ositions  of  the  tops  of  the  auricular  myneardiographic  curves  and  the 
bottoms  of  the  ventricular  myocardiographic  curves.  These  simultaneous 
tracings  demonstrate  the  mechanism  of  the  heart  heat  eorres])onding  to  the 
electric  curves  in  (piestion  in  a conclusive  manner.  It  is  oh\ious  that  as  an 
accompaniment  of  the  decreased  P-R  interval  (the  ligures  stand  at  -005, 
•006,  and  -088),  auricle  and  ventricle  are  in 'synchronous  contraction,  during 
portions  of  their  res])ective  cycles.  Foi-  each  auricular  systole  is  of  the 
same  length  whether  it  belongs  to  the  normal  or  abnormal  cycle.  The  same 
type  of  auricular  electric  curve  and  the  ]U’esence  of  shortening  of  the  P-R 
interval  in  the  clinical  example  permits  us  to  conclude  that  a similar 
mechanism  is  present,  and  confirms  the  previous  deduetions. 

The  intervals  in  the  ex]ierimental  curve  are  subject  to  several  further 
considerations.  In  the  first  ])lace  thei'e  is  a notable  discre])ancy  between 
the  shortening  of  the  As-A's  intervals  and  the  corresponding  P-R  intervals. 
The  intervals  lor  beat  16  are  alike  (namely,  6-88  sec.).  The  shortening  of  the 
As-\s  interval  of  beat  14  is  to  -043  sec.,  while  that  of  the  P-R  interval  is  only 
to  -065.  The  di8cre])ancy,  or  difference  in  shortening,  is  a]i])roximately 
0-02  sec..  Attention  to  this  discre]')ancy  is  of  interest,  and  it  meets  with 
a ready  explanation,  which  is  in  accord  with  the  remaining  remarks.  It 
is  due  to  the  position  of  the  mvocardiograp)hic  lever  attached  to  the  appendix 
of  the  auricle.  If,  as  would  be  anticipated,  the  auricular  ap})endix  enters 
contraction  before  that  p^ortion  of  the  auricular  musculature  which  borders 
on  the  ring,  a difference  in  the  intervals  would  be  expiected.  In  the  normal 
and  abnormal  beats  considered,  let  it  be  allowed  that  the  imp)ulse  travels 
downwards  in  the  ojie  case  and  up)wards  in  the  other,  then  a transmission 

♦ Similar  eloctrocardiograni.s  (oxiioriinoutal)  ha^•o  l)eon  publisliod  by  Heriiig,  ( Archiv  /.  d.  fjes. 

1 .)().),  (XXVII,  1 ;)5)  but  iiv  the  absence  of  myocardiograpliic  curves  llieir  intc'rpretation 
(ou  t not  be  undoitalton  witli  any  degree  of  certainty.  Experimental  extrasystolos  started 
le  in  eiioi  vena  cav'a  yield  inverted  P variatioivs,  but  the  (extent  of  the  dip  is  not  so  groat 
as  that  winch  is  presented  by  these  curves. 
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time  of  -01  sec.  for  the  single  journey  would  suffice  to  explain  the  dilference 
in  the  interv^als.  On  one  occasion  1 have  obtained  curves  which  bear  out  this 
explanation.  Direct  leads,  with  the  electrodes  of  Gotch'^,  were  instituted 
from  the  base  of  the  superior  vena  cava  and  from  the  upper  end  of  the 
inferior  vena  cava,  while  the  auricle  was  in  fibrillation.  Suddenly  the 
fibrillation  ceased  spontaneously  and  was  succeeded  by  several  beats  of  the 
heart  as  a whole,  in  which  the  mechanism  was  abnormal,  before  the  final 
normal  rhythm  and  sequence  were  established.  The  normal  beats  of  the 
re-established  rhythm  were  accompanied  by  auricular  contractions  which 
yielded  electric  variations  of  constant  excursion  and  direction,  the  main 
variation  showing  electro-negativity  of  the  upper  lead  with  a lesser  swing  in 
the  positive  direction  following  it.  The  abnormal  beats  on  the  other  hand, 
in  which  the  P-R  interval  was  reduced,  showed  the  reverse  picture,  the 
excursions  remained  the  same  but  the  direction  altered  from  negative  to 
positive  and  positive  to  negative  respectively.  In  the  case  of  the  normal 
beat  we  have  to  assume  primary*  activity  of  the  tissues  abutting  on  the 
superior  vena  cava;  in  the  case  of  the  abnormal  beat  on  the  contrary  we  have 
equally  to  assume  primary  activity  in  the  tissues  in  the  neighbourhood  of  the 
inferior  vena  cava.  All  the  evidence  leads  us  to  conclude  therefore,  that  at 
times  the  contraction  wave  is  temporarily  reversed  in  the  auricle  when  the 
latter  breaks  back  from  fibrillation  to  the  normal  response  to  the  heart’s 
pace-makerf. 

Now  a similar  discrepancy  has  been  noted  in  the  clinical  instance 
between  the  a-c  and  P-K  intervals,  but  a like  explanation  will  not  apply. 
It  is  probably  attributable  to  the  abnormality  of  the  contraction  in  the 
instance  of  the  reversed  beat,  and  to  a later  a])pearance  of  a in  the  veins  of 
the  neck  under  these  conditions.  The  com])arison  is  of  chief  imjjortance  in 
emphasising  the  greater  accuracy  of  the  P-R  as  o[)poscd  to  the  u-c  interval 
in  the  clinical  instance.  The  a-c  interval  during  the  ])aroxysm  is  not  an 
absolutely  true  representation  of  the  As-\"s  interval,  it  is  too  short,  and  the 
electric  measurement,  -08  sec.,  is  the  more  accurate. 

The  parallel  between  clinical  and  experimental  curves  is  striking,  but  if 
further  evidence  were  required,  it  would  be  found  in  the  relative  heights  of 
the  })eaks  R in  the  two  instances.  The  ]»eaks  R which  follow  inverted 
P variations  are  always  higher,  whether  they  are  observed  in  the  clinical 
or  experimental  example. 

The  experimental  curves  show  us  conclusively  that  we  arc  dealing 
with  simultaneous  auricular  and  ventricular  contraction.  That  tlicie  Is 
only  a small  reduction  of  the  normal  As-^"s  interval  is  immaterial  fiom 
this  point  of  view,  but  it  is  of  importance  in  demonstrating  that  the  level 


* Referring  to  svn)orior  and  inferior  vena  eava  only. 

t \Vinterl)erg«‘  ha.s  made  certain  .)l)s«'rvalions  which  tend  to  tlic  same 
auricular  inii»ul.ses,  at  the  escape  from  fil)rillation.  are  not  necessari  y 
“sinus,”  they  may  arise  in  other  portions  of  the  auncidar  walls. 


conclusam.  '1  he 
generated  in  the 
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of  impulse  formation  is  relatively  liigli  so  far  as  the  ventricle  is  concerned. 
The  main  delay  is  in  the  bundle  itself.* 

The  close  analogy  between  the  two  sets  of  curves  allows  of  similar  con- 
clusions in  the  clinical  instance.  The  difference  in  the  P-H  intervals  of 
normal  and  abnormal  beats  in  the  patient  is  greater  than  in  the  experiment. 
But  the  auricle  of  man  is  larger  than  that  of  the  tlog.  3die  normal  intervml 
in  the  [)atient  is  nearly  twice  that  found  in  the  animal. 

Rc'turning  again  to  the  clinical  case,  in  Pig.  28  it  will  be  seen  that  there 
is  irregularity  during  the  paroxysm  itself,  and  that  this  irregularity  is  due 
to  the  i)rcsence  of  premature  beats  intei'rupting  an  otherwise  regular 
rhythm.  One  of  the  interrupting  beats  has  been  caught  electrocardio- 
graphically  and  is  shown  in  Pig.  30,  The  extra  beat  is  of  the  type  recognised 
as  due  to  an  extrasystole  of  the  left  ventricle.  Now’  the  pause  w'hich  follows 
the  premature  beat  is  fully  compensatory,  and  this  in  itself  is  valuable 
confirmatory  evidence'  of  the  auricular  origin  of  the  ectopic  rhythm  which 
it  disturl)s.  The  su])raventricular  origin  of  the  paroxysmal  beat  is  also 
shown  l)y  the  shape  of  the  ventricular  electric  com])lex. 

Another  point  of  interest  in  the  clinical  curves  is  well  seen  in  the  first 
escaped  beat  of  Pig.  26.  Here  neither  normal  nor  inverted  \ariation  is 
present.  Such  heart  cycles  have  been  of  common  occurrence  in  this  ])atient 
at  the  termination  of  |)aroxysnis,  and  many  such  beats  interru])t  the  normal 
rhythm.  A comj)lete  ])ai'allel  is  found  in  beat  15  of  Pig.  2i).  One  may  infer 
from  an  examination  of  the  intervals,  if  not  from  a priori  arguments  based 
on  the  isoelectric  interval  directly  ])i’eceding  the  peak  K’\  that  this  is  an 
example  of  a transition  form  between  beats  14  and  16.  'Phat  is  to  say,  that 
w'c  are  dealing  with  a beat  which  starts  at  a higlu'r  level  than  beat  14,  and 
at  a lower  level  than  beat-  16.  In  brief,  it  has  its  origin  at  a ■|)oint  lying 
between  tin*  normal  ])ace-makert  and  the  lowest  or  junctional  level  of  the 
auricular  tissue.  'The  same  conclusion  applies  to  clinical  beats  of  a similar 
nature  seen  in  Pig.  26.  Of  the  esca])('d  beats  in  Pig.  26,  the  first  and  second 
probably  belong  to  this  catc'gory,  w hile  the  third  is  of  the  same  nature  as  the 
beats  of  the  paroxysm. 


* J hat  auricle  is  net  (giving  the  pace  to  (lie  \cntriclc  is  certain,  for  the  folK)\viiig  reasons: — .An 
increased  coiuluctivity  would  not  he  expected  tluring  the  clinical  paroxysm,  for  the  rate  is 
increased.  Neither  would  a gradually  decreasing  comhictixity  ho  anticipated  in  the  escapoil 
heats  following  the  librillation,  for  the  rate  is  lowered  and  blocking  of  some  of  tho  fibrillary 
impulses  was  previously  present. 

f tor  the  [)ur[)f)ses  of  tho  argument  thei’e  is  no  need  to  place  the  normal  pace-maker  of  tho 
heart  in  the  neighbourhood  of  the  superior  vena  cava,  but  as  a matter  of  fact  the  evidence  as  a 
whole  ])oints  in  this  direction.  In  a single  ex|)erimont,  using  direct  leads  from  varit)us  parts 
of  a dog  s auricle,  it  was  found  that  the  neighbourhooil  t)f  the  su])erior  vena  cava  becomes 
oloctionegati\ 0 or  acti\'o  before  either  aj)])cnilix,  inferior  ^■ena  ca\  a or  a [)oint  of  musculature  at 
the  groove  directly  below  the  sui)erior  vena  ca\a  on  tho  front  of  the  heart.  In  several  experi- 
ments it  was  found  that  the  auricular  electric  complex  of  extrasj’stolos  iiulucod  in  different  parts 
of  the  auricle  shows  notable  variations.  'I’lio  auricular  complex  of  extrasystoles  originating  near 
the  superior  vena  cava  resembles  tho  normal  eomidox  most  closely.  This  evidence  points  very 
ilelinitely  to  tho  lausenco  of  the  paco-makor  in  the  neighbourhood  of  tho  superior  cava. 


AURICULAR  F I BRI  LL  A T I ON. 


.‘}g: 


The  conclusion  that  in  the  clinical  case  paroxysms  are  present,  and  that 
each  paroxysm  consists  of  a rhythm  created  by  im])ulses  which  are  derived 
from  the  lower  levels  of  the  auricular  tissue,  or,  in  other  words,  in  the  neigh- 
bourhood of  the  node,  depends  u]mn  the  evidence  which  has  been  given 
and  which  may  be  briefly  summarised  as  follows*: — 1)  Upon  the  shortened 
a-c  and  P-R  intervals.  'Phe  extent  of  the  shortening  and  the  circumstances 
under  which  it  occurs  (pulse  rate,  etc.)  preclude  the  possibility  that  ventricle 
res[)onds  to  auricle. 

2)  Upon  the  com])lete  reversal  of  the  electrical  variation  accompanying 
the  auricular  contraction. 

.‘1)  Upon  the  pre.sence  of  a normal  ty])e  of  ventricular  electric  complex, 
and  the  occurrence  of  the  com])lete  com])ensatory  pause  following  the 
interruption  of  the  ectopic  rhythm  by  a ventricular  extrasystole.  The.se 
facts  indicate  the  suj)ra ventricular  nature  of  the  rhythm. 

4)  Upon  a dost'  comparison  with  du])licate  curves  obtained  ex])eri- 
mentally,  anti  upon  the  more  accurate  analyds  which  could  be  undertaken 
in  the  latter. 

It  is  a matter  of  importance  that  it  should  be  recognised  that  such  a 
])henomenon  as  “ nodal  rhythm,”  in  the  broad  sense  of  the  word,  does 
exist  in  clinical  medicine  ; it  is  also  im])erative  that  its  rarity  should  be 
acknowledged.  And  further,  and  most  im])ortant,  it  must  be  understood 
that  the  ])ieture  ]iresented  by  the  only  cases  exhibiting  it,  of  which  we  have 
knowledge,  is  entirely  at  variance  with  that  of  the  condition  which  has 
hitherto  j^assed  under  this  term.  ” Nodal  rhythm,”  as  we  now  know  it, 
is  a rhythm  in  which  there  an*  definite  signs  of  simultaneous  auricular  and 
ventricular  contraction;  a fortiori  the  rhythm  is  regular.  It  falls  into  line 
with  the  exam])les  of  fast  and  ])aroxvsmal  ecto])ic  rhythms,  arising  at  different 
levels  ; in  these  also  the  individual  beats  can  be  shown  to  spring  from  a 
single  and  fixed  focus.  It  may  be  taken  as  <a  gcjieral  rule  that  a ])aroxysmal 
rhythm,  when  regular,  arises  as  a result  of  im]nilses  generated  in  a single 
focus.  The  converse,  that  irregular  ])aroxyams  are  generated  from  several 
foci,  only  aj)])liea  if  such  ]iaroxyams  are  fast,  and  if  irregularities  resulting 
from  conductivity  and  contractility  changes  can  be  excluded. 

In  conclusion  it  is  my  })leasant  duty  to  acknowledge  my  gratitude  to 
those  who  have  brought  imaterial  for  observation  to  my  notice,  and  to  those 
who  have  facilitaterl  the  examination  of  such  material.  I am  indebted 
to  all  the  members  of  the  medical  staff,  honorary  and  resident,  at  University 


* Hi'foro  leaving  tlii.s  patient  sovoral  p.iints  must  ho  reforrod  to  whii-li  aro  in  lianiuiny  witli 
ohservation.s  upon  otlipr  oases  of  eotopio  panixysin.  and  they  liave  been  utilisofl  in  Itio  discussion 
upon  the  subject  in  a jiaper  published  in  the  last  nund)er  of  this  .Journal.  In  tlie  first  p ace  t lere 
is  the  presence  of  the  premonitory  contractions  at  the  commencement  of  the  ^>arox,^sms.  am  t le.se 
are  of  a different  nature  to  those  obtaining  in  the  jiaroxysm  itself.  Secondly  , t lere  is  tie  ac 
that  the  heats  which  .listurh  the  heart's  regular  action  between  the  paroxysms  arc  as  a rule 
of  a different  form  to  those  of  the  paroxysm.  Thirdly,  there  is  the  marked  depmss.on  of 
rate  with  subsequent  acceleration  at  the  cessation  of  the  paroxjsm  (r  ear  j seen  in  ig. 
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College  Hospital.  My  thanks  are  os])ecially  due  to  Dr.  James  Mackenzie 
and  to  Dr.  .lolin  Hose  Bradford. 


CiriEF  CONCLUSIONS. 

1.  Amongst  the  many  forms  of  persistent  irregularity  of  the  human 
heart,  none  is  more  common  tlian  that  whicli  may  be  termed  complete 
irregularity  of  the  heart.  It  is  accom])anied  by  an  absence  of  all  sign  of 
normal  auricular  action  ; and  it  is  due  to  fibrillation  of  the  auricle. 

2.  Auricular  fibrillation  as  a pathological  and  clinical  entity  e.xhibits 
certain  definite  signs.  Amongst  tlie  distinguishing  features  the  following 
are  the  most  important. 

a)  Absolute  irregularity  of  the  ventricle. 

h)  The  ventricular  form  of  venous  pulse. 

r)  A characteristic  electrocardiogram,  in  which  the  ventricular 
curve  is  of  the  usual  type,  but  in  which  the  normal  auricular 
representative  is  replaced  by  a series  of  rapid  oscillations, 
which  are  su})erimposed  upon  the  rest  of  the  curve  and  deform 
it.  The  oscillations  are  generated  in  the  auricle,  and  are 
the  result  of  the  fibrillation. 

3.  Digitalis  retards  the  ventricular  rate  in  clinical  auricular  fibrillation 
by  enhancing  a previously  existing  auriculo-ventricular  heart-block.  The 
rapid  and  irregular  im])ulscs  showered  upon  the  ventricle  from  the  fibrillating 
auricle  are  hindered  in  their  passage  from  one  chamber  to  the  other  by  the 
action  of  drugs  of  this  class.  The  influence  of  digitalis  is  exerted,  directly  or 
through  the  vagus,  u])on  the  junctional  tissues. 

4.  Auricular  fibrillation  in  man  maybe  accom]>anied  by  heart-block  of 
all  grades,  and  the  heart-block  may  or  may  not  result  from  digitalis 
administration.  When  the  heart-block  is  complete  the  ventricular  action 
is  slow  and  regular. 

5.  A rhythm  arising  in  the  neighbourhood  of  the  node  of  Tawara  is  a 
real  clinical  ])hcnomenon.  It  is  distinct  from  the  mechanism  which  produces 
complete  irregularity,  and  it  is  a rare  affection, 
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i„^^,i«  inten^ttog  the  eintte  rhythm.  They  am  amicular'ext^vaS"®'  ^LI^’r 
„,rt^  am  merea^rf.  In  the  aeyond  curve  sueoeeeive  auricular  cxlraayatolca  «c  aht™. 


ff.  IS  y , hnc«  From  the  emne  cam,  a feu-  darn  after  tho  onset  ot  librination.  1,  lead  from 
tjjht  mi  and  left  leg  II.  from  stomum  at  jum  ti,.,,  of  sc.-ond  corUIngc  aucl  from  a,»v 
f/7.  from  stem™,  and  i»m,  over  right  amide.  I F.  tr„,„  the  third  left  spare  in  autirior 
„U«y  toe  mid  from  a,»x.  I , fm,„  apey  and  abdomen,  3 inches  internal  to  tho  a,«,y 
srf  lost  boloiv  ^ nbs.  The  first  electrode  site  mentioned  above  is  u,  each  case  the  site 
of  the  arm  electrode. 


Pf.  U.  V i linear.  From  a iiatient-  with  mitral  stenosis  of  rlioumatic  origin.  Coinnlotclv 
■ irregular  heart  action  and  the  ventricular  fonn  of  vonous  pidso  wore  prosoiit.  The  figm-o 
shows  electrocardiograms  obtained  by  six  separate  leads.  I,  right  arm  and  left  log  ^11 
aemum  between  junction  of  second  and  third  cartilages,  and  point  over  right  nlu-iclo’ 
HI.  sternum  and  apex.  1\-.  sternum  and  outer  end  of  first  intercostal  space.  V.  outer 
end  of  third  intercostal  space  and  apex.  \-I,  aix>x  and  point  on  tho  ob<lomon.  3 im-lies 
internal  to  the  apex  and  just  below  rib  margin.  The  first  electrode  site  mentioned  above 
is  in  each  case  the  site  of  the  arm  electrode.  The  curves  show  that  tho  oscillations  are 
masiinal  according  to  the  proximity  of  electrodes  and  superficial  amide.  They  also  show  tho 
normal  character  of  the  ventricular  complex. 


15  and  16.  Electrocardiographic  curves  from  a case  of  pnro.xysmal  irrogulaiitj-.  Fig.  10 
wBS  taken  two  daj's  after  the  subsidence  of  a paroxysm.  Fig.  1.5  demonstrates  tho  absoiico 
ofr^ularity;  the  characteristic  oscillations;  the  deformity  of  the  variation  T;  tho 
absent  relationship  between  height  of  jieaks  R and  corrosiiontling  radial  boats.  Thoro  is  no 
sizn  of  a normal  P \-ariation.  Fig.  16  shows  the  return  of  P and  tho  shortening  of  tho  peaks  R. 
[CASE  10). 


Fr  17.  Electrocardiographic  and  Hurtlile  carotid  curve  from  a dog  wliile  tho  auricle  is  fibrilluting. 
In  the  early  part  of  the  curve  the  heart  is  recovering  from  vagal  stimulation.  The  curve 
^ows  the  oscillations  unmasked  by  slowing,  and  later  the  characteristic  deformity  of 
the  curves  joining  adjacent  R peaks,  and  the  absence  of  relationship  between  the  height  of 
dectric  peaks  and  arterial  curves. 


Fg-lS.  >;  i linear.  Electrocardiographic  curves  from  a patient  with  complete  hcart-blodc  and 
aimcular  fibrillation  {CASE  13).  1,  right  arm  and  left  leg.  II,  both  electrodes  over 
large  right  auricle.  III.  sternum  and  right  auricle.  I V.  sternum  and  ajiex.  1’,  apex 
and  abdomen,  interna)  to  nipple  and  just  below  rib  margin.  Tlio  electrode  sito  first  mentioned, 
is  in  each  case  the  site  of  the  arm  electrode. 


Tz.  19.  X I linear.  Venous  and  electrocardiographic  curve  from  u patient  with  bradj'cardia. 
Osdllations  of  the  same  rate  are  present  on  both  curves  (C.46'F  12). 
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Fill.  20.  Ex|K'rinu'i\tAl  cntrvo.  Taken  fixnn  a doii  witli  chest  wall  intact,  wliilo  the  auricle  aviis 
lihrillating.  Venous  and  elocti-ocardiographic  <-urves  are  s1h)\to.  The  venous  curve  is 
ventricular  in  form  ; the  electroeaixliograin  shows  irrogularitN'  of  the  ventricle,  ami  we'll 
iniu-keil  auricular  oscillations. 


Fi-''  21.  Frmn  the  same  animal  a few  minutes  later.  The  venous  imlse  is  now  auricular  in  form  ; 
the  clectroeanlioamin  shows  the  ivtuvn  of  P.  while  the  oscillations  have  vanished  with  the 
fibrillation. 


Fie  Electrocardiogram  from  a dog  uith  intact  chest  wall,  showing  the  oscillations  in  a 

characteristic  form.  The  tall  peaks  R are  those  which  fall  with  tlio  summits  of  oscillations. 
For  comparison  with  Fig.  23. 


Fi.r  -’S  An  electrocardiognrphic  curve  taken  from  a patient  with  mitral  stenosis.  The  pulse 
was  i-omi)letely  irregular  and  the  venous  jailse  ventricular  in  form.  For  comparison  with  the 
exi>erijnental  curve  sho^'^l  in  Fig.  22. 


pj.T  ->4  .K  5 linear.  Electrocardiographic  and  radial  curves  from  a patient  uith  complete 
iixe^ularity  of  the  heart  and  a venous  pulse  of  the  ventricular  form,  'i’he  heats  of  th(' 
ventricle  are  in  response  to  aviricular  imi)ulses,  and  also  to  inherent  impulses  (ventricular 
estrasj-stoles),  CASE  7. 


Fig.  20. 


Fig.  2;{. 


Fig  2o.  Electrocardiographic  cm've  from  a patient  [CASE  14)  with  the  ventricular  form  of 
venous  pulse.  The  N cntricle  beat  regularly.  P is  fully  do\'oluped. 


Fig.  24. 


Fig.  25. 


fij  26.  Electrocardiographic  aiid  radial  cvirves  from  n pationi  with  piiroxj’siiiul  tachycnrilia 
{CASE  15)  i a complete  i>arox>-sm  is  shown.  The  curve  <n>ens  with  throe  normal  boats 
accompanied  by  the  \isual  P,  R and  T variations.  These  are  succeeded  !)>•  two  auricular 
extrasystoles  and  then  the  true  paroxysm  commences.  The  boats  of  the  paroxysm  are  like 
those  of  the  normal  rhythm,  except  that  R is  higher  aiul  T lower,  and  the  variation  P is 
inverted-  The  paroxv^sni  ends  in  a long  pause  and  this  is  followed  by  two  abnormal  beats,  a 
paroxysmal  beat  and  two  normal  beats  in  wliich  the  upright  P variation  has  roturnod. 


p5„_  27.  Venous  and  radial  curves  from  the  same  case  (C--1SE  15),  showing  two  complete 
parosj'sms.  The  o-c  interval  is  reduced  to  O’OU  see.  dining  tho  ectopic  rhythm. 


Fitr  2S.  Apes  and  radial  curves  frotn  the  same  case  15),  showing  three  complete 

paroxysms.  The  beats  preceding  the  poroxj’sm  are  well  shown  in  tho  first  two  attacks. 
The  presphygtnic  interNml  is  the  same  during  slow  and  fast  rhythms.  Two  premature  beats 
are  seen  in  the  tliird  paroxysm,  the  pauses  are  complololy  compensatory. 


fi"  2D.  Simultaneous  curves,  myocardiograms  from  ventricle  and  auricle  and  elcctrocardio- 
' mphic,  from  a dog.  The  ventricular  beats  in  the  top  ciu-ve  are  marked  1-10,  and  tho 
corresponding  R jwaks  are  similarly  marked.  The  auricular  vibrations  and  contractions  arc 
marked  {P>  ®).  Tlie  incidence  lines  were  drawn  and  tho  measurement  mode  on  a greatly 
enlaiged  photograpliie  reproduction.  The  subsequent  rodxiction,  to  0/7-6  tho  size  of  tho 
original  curve,  could  not  be  accomplishod  without  rotouching  the  backgroxuid. 

° The  early  parts  of  the  cxirvo  show  auricular  fibrillation  and  allow  a complete  analysis 
of  the  electric  curve  into  its  comixment  auricular  and  ventricular  elements. 

The  second  part  of  the  curve,  following  the  return  of  the  auricle  to  co-ordinate  con- 
traction, is  given  for  comparison  with  Fig.  2(5.  It  shows  tho  exact  time  relationsliips  of 
contraction  of  auricle  and  ventricle  when  anomalous  P variations  are  produced. 


Fir.  30.  xi  linear.  {CASE  IS).  Tho  iiatient  was  trembling  when  tho  curve  wn.s  taken.  One  of 
' the  premature  beats  mentioned  in  the  explanation  of  Fig.  28.  and  interrupting  a paroxysm, 
is  diown-  The  pause  is  compensatory  and  tho  bout  itself  is  recognised  ns  an  oxtrasystolo 
arising  in  the  left  ventricle. 


Fig.  28. 


i 


Fig.  .il.  A series  t)f  exjic'rimenlrtl  curves  from  a single  animal. 


Cuuvio  r. 

Lo'acl.s  from  a j^niiit  on  the  auricle  just  below  the  superior  \'ena  ca\a  and  from  the 
inferior  vena  cava.  The  auricle  was  fibrillating  u[>  to  the  i)lace  marked  by  an  arrow.  At  this 
point  the  co-ordinate  I'ontractions  returned.  A = auricular  variations.  V = ventricular 
variations. 

Curve  II. 

A similar  curve.  The  point  where  auricular  fibrillation  ceases  is  uncertain.  In  both 
curves  the  oscillations  are  maximal. 

Curve  III. 

Leads  from  two  jioints  on  the  right  ventricle,  one  above  and  near  the  right  border,  and 
one  below  and  nel^r  the  apex.  The  auricle  is  fibrillating  over  the  wliole  curve,  yet  no 
oscillations  are  seen.  to  the  iioint  where  the  arrow  is  placed  the  vagus  was  stimulated 
and  a slight  escape  of  current  is  shown  in  the  curve. 

Curve  I V. 

From  the  same  points  after  the  return  to  the  normal  rhythm.  A comparison  with  the 
last  curve  show's  that  the  direction  of  contraction  in  the  ventricle  is  identical  wiiile  auricular 
fibrillation  and  auricular  co-ordination  are  ])resent. 

Curves  III  and  I V maybe  compared  in  respect  of  the  amplitude  of  the  opening  varia- 
tions of  the  separate  beats.  In  17 1 it  is  variable,  in  7 V it  is  constant.  Therefore  the 
auricular  oscillations  are  not  entirely  responsible  for  the  \'ariation  in  the  height  of  the  peaks 
R during  fibrillation,  for  in  III  no  oscillations  are  present.  The  height  of  the  opening 
variations  is  greater  in  777  than  in  7 V. 

Curve  V. 

Leads  from  the  ujijier  and  low'er  ends  of  the  w'ound.  The  wound  travelled  through  the 
centre  and  w'hole  length  of  the  stern\un.  The  upj)er  electrode  w'as  upon  the  base  of  the 
neck,  the  low’er  one  upon  the  diapliragm.  Tlie  curve  is  very  small  and  though  much  somatic 
musculature  w'as  included  botw'een  the  electrodes,  no  oscillations  are  seen.  As  a consequence, 
the  oscillations  are  showm  to  arise  in  the  heart  itself.  At  the  arrow  the  normal  rhythm  is 
resumed.  X^p  to  this  point  the  sensitivity  of  the  galvanometer  was  maintained  at  a 
constant  point. 

Curve  F7. 

The  same  leads  as  the  last,  but  the  sensitivity  of  the  galvanometer  is  now'  increased 
approximately  threefold.  The  oscillations  are  just  visible  and  distort  the  curve  to  some 
extent.  The  normal  rhythm  is  resumed  w'here  the  arrow'  is  placed.  A careful  comparison  of 
the  ventricular  cm'ves  before  and  after  the  resumihion  of  the  normal  rhythm  show's  them 
to  be  of  essentially  the  same  form,  and  this  form  is  the  normal  one. 

The  electrode  site  first  mentioned  is  invariably  the  site  of  the  base  electrode. 


Fig.  31. 
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